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PREFACE. 



The directions for ihe dissection of certain vtrtebrate 
' animals of which the present boQk consists were begun 
many years ago when I was privileged to act as demon- 
strator 10 Professor Huxley, at the Royal School of Mines, 
South Kensington. They are drawn up on much the same 
I plan as the " Laboratory Work," in Professors Huxley and 
M.Aiim'^ E/enienlaiy Biology, and aim at being a continuation 
I of the zoological part of that work, in much the same way 
L as the Pradkal Physiology of Dr. Foster and Mr. Langley 
I may be said to continue it on the physiological side. 

It must be borne in mind that the book is merely a " Course 
I of Instruction," in the dissection of Vertebrates, and that it 
I. makes no pretence whatever at giving a complete account 
[lOf the anatomy of the types selected. The time at the 
l-disposal of the average student of Comparative Anatomy ie 
I so short, that for him to examine half a dozen vertebrate 
L animals — to say nothing of In vertebrates ^in the same detail 
\. as the student of Human Anatomy examines his single type, 
I would be quite out of the question even if it were necessary. 
I On the other hand, it is of the first importance that he should 
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not only be made familiar with the essentials of vertebrate 
organisation, but should be so drilled in details as to be 
capable of working out, with some degree of thoroughness, 
any ordinary vertebrate animal which may be set before 
him. 

The advantage of the study of Comparative over that of 
Human Anatomy lies in the fact that in the former the dry 
facts are, to borrow an expression of Dr. Michael Foster's, 
"salted with the salt of morphological ideas." But if the 
same thoroughness in .practical work is not demanded of 
the student of Animal Morphology as of the medical student, 
if he is allowed to shirk the discipline of laborious dissection, 
and to be content with a " general notion " of the structure 
of the types he examines, he runs a very serious risk of 
getting uncommonly little meat to his salt, and of losing 
in depth what he gains in breadth. 

It was therefore necessary to decide how much might be 
left out without leading the student into a superficial way 
of working ; and in striving to " keep the mean between the 
two extremes of too much stiffness in refusing and of too 
much easiness in allowing " any omissions, I am only too 
well aware how largely the personal equation enters into 
questions of this sort, and how unsatisfactory the 
compromise I have decided upon may seem to other 
teachers. 

The subjects described are mostly such as can be readily 
obtained at any time of the year. The Skate is chosen in 
preference to the more typical Dogfish, partly because it is 
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r market commodity, partly because it i 

ind, quite unrivalled for the study of Ihe vertebrate n 

teystem. The Rabbit is chosen in preference to the Dog or 

RiCat — either of which, and especially the former, would have 

been preferable for some reasons — because it can be more 

readily obtained in quantity ; its size, moreover, makes it 

more suitable than the Rat. The Green Lizard and the 

Lamprey cannot always be depended on, but, as they can 

|l-both be easily preserved whole in alcohol, this is of less 

msequence than in the other cases. It was not thought 

::essary to include an amphibian, since the Frog is fully 

scribed in the Eletnentary Biology. 

The labour of correcting the proofs and of superintending 
the drawing on wood and engraving of the illustrations has 
fallen upon my brother, Mr. W. N. Parker, F.Z.S., without 

I whose help the publicadon would have been almost out of 
the question. Besides the editorial work, he has made out 
several points in the anatomy of the Cod and Lizard, 
which, owing to lack of material, I was unable to decide 
tnyself. Many important omissions and some actual errors 
have thus been avoided. 

I am indebted to Professor Huxley for having kindly read 

^^ over such parts of the work as were written when I left 

^|^£ng1and, and for valuable suggestions thereon. But beyond 

^^Etilis, I shall always feel that any value the book may possess 

is very largely due to the example set me by Professor Hiuley 

during all the years I had the good fortune to be associated 

with him. 
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My friend and former colleague, Mr. G. B. Howes, 
rendered me much assistance in preparing and correcting 
those parts of the directions which were drawn up in 
England, and has also given considerable aid to my brother 
in working out some doubtful points which arose while the 
work was passing through the press. 

I am further indebted to Mr. Howes for the drawing 
for Fig. 34, and to my brother for Fig. 32. Figs. 35, 36, 
and 37 are copied from my father's monograph on the 
Lizard's skull (PhiL Trans. 1879), and Fig. 38 from 
Herpetologia Eurqpcea ; the remaining illustrations are from 
my own drawings. The whole of them have been drawn on 
the wood by Mr. Coombs, and engraved by Mr. Cooper : 
judging from the few proofs which have so fiar reached 
me, I have every reason to be grateful to those gentlemen 
for the care and skill with which their work has been 
done. 

T. J. P. 



Otago University Museum, 
dunedin, n.z. 

June, 1883. 
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INTRODUCTION. 

Dissection is best performed at a strong deal table, not 
less than three feet long by two feet wide : it should, if 
possible, be placed at a window, so that the operator faces 
the light, otherwise the more delicate work will be hindered 
by the shadows of the hands and instruments. 

In nearly every case the subject should be firmly fastened 
down during dissection, either to the table, or, better, to a 
soft deal board, about one foot and a half long by one foot 
wide, with a narrow bead tacked round the edge so as to 
convert it into a shallow tray : the advantages of this are 
that the subject may be turned in any direction without 
unfastening, and that the edge confines the mess caused by 
escape of blood, &c., to a limited area. The best fastenings 
are small awls fixed into wooden handles, about an inch 
long, and just thick enough to be conveniently grasped : 
these can be more easily driven into the wood than large 
pins, are not so liable to bend, and hold more firmly. 

Care must of course be taken to thrust them through some 

b 
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part — eg, skin — the sKght injury to which will not interfere 

with the dissection. 
The more delicate dissections are best conducted under 

water. A convenient dissecting dish is made by fitting a 

piece of sheet cork weighted with one of sheet lead into 

the bottom of a common pie-dish : the sloping sides of this 

latter are admirably adapted for admitting the greatest 

possible amount of light. The subject, in this case, is fixed 

out with small pins. 

The most necessary dissecting instruments are : — 

Three or four scalpels of various sizes. 

A large and a small pair of scissors. 

A large and a small pair of forceps. 

A pair of bone-forceps. 

A " seeker," ue, a blunt bent needle fixed in a handle. 
A German silver anatomical blowpipe.^ 
The ordinary pointed form of scalpel is the best, those 
with obliquely truncated ends are rarely suitable. The 
scissors should have sharp points, and should bite well to 
the very end : this is especially important with the small 
pair, which will otherwise be perfectly useless. The forceps, 
also, should meet accurately at the points, which should be 
roughened so as to insure a firm grip ; in the small pair the 
pin placed to prevent the points crossing when pressure is 
applied, should fit easily but not loosely in the hole for its 

^ Boxes containing the above set of instruments are made by 
J. Weiss & Son, 62, Strand ; Hawkesley & Son, 300, Oxford Street ; 
C. Baker & Co., 244, High Holbom ; J. Swift, 81, Tottenham Court 
Road ; and J. B. Medland, 12, Boro' High Street. 
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reception ; if tin; latter is too large the points will always be 
liable to cross. 

The bone-forceps should have straight blades, and the 
handle should be sufficiently wide apart to admit of their 
being conveniently worked without obstruction by the fingers. 
They are used for cutting through bones ; for instance, those 
of the sTtuU in the removal of the brain. 

The seeker is useful both as a probe and for clearing away 
the connective tissue from blood-vessels, nerves, &c, without 
danger of cutting ihem. 

All the instruments should be of the best steel ; it is false 
economy to buy inferior ones, as they lose their edge very 
quickly and require constant sharpening. 

A useful addition to the above is a common butcher's 
knife for rough work, e.g. for cutting through the skin of the 
skate, the asperities of which completely spoil a scalpel. For 
fine dissection spring scissors are very useful, but are by no 
means indispensable. 

Directions for injecting blood-vessels are given on pp. 
48, III, 162, 218, and 398: to these I may add that a 
very convenient fluid injection for fine vessels is made by 
straining through mustin a strong solution of gum-arabic in 
water coloured with precipitated Prussian blue or carmine : 
after injection the subject is placed in alcohol, which 
coagulates the gum. This has the double advantage over 
gelatine (p. 162) that it ts used cold and that it keeps better 
in alcohol. 

" ijccting syringes provided with brass cannula of various 
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sizes are to be had from the instrument-makers. But a 
common brass ear-syringe holding about two ounces answers 
every purpose, using for cannulas glass tubes of the form 
shown on p. 48, adapted to the nozzle of the syringe with 
short pieces of caoutchouc tubing. " Bull-dog *' forceps will 
be found very useful in injecting for clamping any vessels 
which may have been accidentally cut. 

In large classes where the time of the student is limited, 
it is usually inconvenient for each one to inject his subject : 
it is then desirable to have an injected preparation in the 
room which may be consulted when necessary. For this 
purpose, a rough dissection which the students are allowed 
to handle is far more useful than a more elaborate preparation 
mounted in a bottle. In fact, one may say that the only 
alcoholic preparations of real use to beginners are those 
which are simple enough to tell their own tale almost at a 
glance. The most important, in my opinion, are : — 

a. Preparations of the heart with the origins of the great 
vessels, either filled with solid injection, or distended with 
alcohol, the cavities, in the latter case, being cut open. 

d. Preparations of the entire brain with the origins of the 
nerves, and various dissections of the same organ. 

c. Preparations of the adult urinogenital organs, with the 
various accessory glands, ducts, apertures, &c., displayed. 

Many other very useful preparations might be mentioned, 
but the above, as demonstrating important points about which 
the beginner is certain to experience considerable difficulty, 
may be considered as the most essential. 
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■As ihe liearts and brains of most of (he subjects selected 
•e small, siniikr preparations from larger types nre very 
valuable for demonstration ; for instance, the monitor or 
iguana, the goose or turkey, and tlic dog, sheep, or even 
horse. It will, of co\irse, be all the better if some of these 
structures — especially a largtr mammalian brain than the 
Rabbii's^can be dissected by the students themselves as 

iplementary subjects. 

Dissections of large hearts for demonstration may be 
'prepared by the glycerine jelly process described on p. 
2 ; 1 the various structures are more readily pointed out on 
such preparations than on those kept in alcohol : they may 
be made still clearer by colouring the different parts. 

The larger brains a.re best prepared by Giacomini's 
method : the organ is placed in a saturated solution of zinc 
chloride, and then, after removal of the pia mater, in strong 
alcohol, which should be renewed at least once. When 
thoroughly hardened it is transferred to strong glycerine, and 
retained therein until thoroughly permeated : this is shown 
by its sinking in the fluid. The brain is then removed from 
the glycerine, drained thoroughly, and, after a time, sized and 
^■arnished. Any dissections which may be required are made 

iforc placing in glycerine. 



Since writing lh.it description 1 lind that the nbjccts sbonld be 

hardened in alcohol befoi'e being ]il.iccd in the glycerine fluid ; 

that it h btst to subsiiiule 0-05 inrts of a conceniralEd solution ol 

]>heilol fur the corrosive aublintatc; mid llint the specimens are best 

finiahed by varnishing, after ore or Ihq coals of size, witll common 

L-vamish, 
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During the dissection of any animal it is always advisable 
to have the skeleton at hand for reference, and at some time 
or other a systematic study should be made of it. It is for 
this reason that an account of the skeleton is prefixed to th^' 
directions for the dissection of each type. 

With slight variations the management of the work is the 
same for all the subjects selected. The external characters 
are first studied : then a rough dissection is made for the 
purpose of acquainting the student with the position and 
general relations of the chief organs; at the conclusion of 
this stage the brain is removed and preserved for future 
examination ; finally, the various parts are studied more or 
less in detail. The student should try and arrange his work 
so as to get the brain removed on the first day. 

In the case of the Lamprey and the Lizard, which can be 
satisfactorily preser\'ed whole in alcohol, it has not been 
thought necessary to remove the brain until it is wanted for 
dissection. 

The directions for each stage in the dissection are givi 
in " indented " paragraphs numbered with Roman numerals ; 
the following ordinary paragraphs with Arabic numeral^' 
giving descriptions of the structures brought into view hf' 
such dissection. By this arrangement the work is divided 
into sections, many of which may be omitted without serious 
disadvantage, if time runs short. The paragraphs in small 
type may also be omitted by the beginner. 

When a dissection is prolonged over say two days, the 
subject should be placed, when not in use, in a preservative 



for 
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fluid, such as methylated spirit, Wickersheimer's fluid,^ or 
boroglycerine. 

I should strongly advise students to adopt the plan so 
much insisted upon by Professors Huxley and Martin in 
their Elementary Biology^ of making sketches of their 
dissections. Even a rough drawing, if the various parts 
are properly named, and especially if they are further 
distinguished by different colours, forms a far better 
memorandum of work done than any mere description. 

^ This fluid is made as follows : dissolve 1 00 grams of alum, 35 of 
common salt, 12 of saltpetre, 60 of potassic carbonate, and 20 of 
arsenious acid in 3 litres of boiling water, and add i '2 litre of glycerine 
and 0*3 litre of methylated alcohol. 
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THE LAMPREY. 

The Sea Lamprey {Petromyzon mariniis). 
The Fresh-water Lamprey, or Lampern {P. fluviatilis), 

A.— THE SKELETON. 

L The preparation of the lamprey's skeleton is a very 
laborious process, owing to the extreme touglmess 
of the connective tissue which invests it. Re- 
moval of the latter is assisted by maceration in 
nitric acid, lo per cent., care being taken not to 
allow the acid to act too long, the result of pro- 
longed maceration being the entire separation of 
the cartilages of the skull proper, and the total 
destruction of the branchial basket. In preparing 
a skeleton for demonstration purposes, it is, how- 
ever, advantageous to allow the cartilages to se- 
parate, and then to articulate them with fine 
platinum wire. The branchial basket can then 
be shown by itself in a special dissiection. The 
C B 



1 spirit or prepared 



skeleton may be either kept 

(a) Place for about three days 
composed of 

Glycerine . , . . lo parts. 

Water .... lo „ 

Corrosive sublimate . . o'l ., 
Alum . . . . o'2 ,, 
(i) Transfer to melted glycerine jelly made by 
dissolving 2 parts of gelatine, or "gelatine glue," 
in the above fluid ; allow to remain for a to 4 days 
at a temperature just sufficient to keep the jelly 
fluid. 

(c) Place in a. dry room, vmtil the surface 00 
longer feels damp or sticky ; then varnish with a 
solution of white (bleached) shellac in rectified 

II. In the prepared skeleton make out the foU( 
points: — 

I. The notochord (Fig. r, nc), a cylindrical rod, occu] 
ing the position of the vertebral column in one of the* 
higher animals ; at its anterior end it tapers to a point some- 
what suddenly ; at its posterior end the tapering is more 
gradual. It is composed of a strong sheath of cartilage, 
inclosing a gelatinous central substance (Figs. 4, 6, 7, 8, ric). 

3. The neural processes (Fig. 1 and 6 »./}, small rods 
of cartilage, set in pairs at short intervals alongthe dorso-lateral 
regions of the notochord, and partly inclosing the neural 
canal (Figs. 4 and 6 — 8, ri.ca), in which the spinal cord 
lies. Betiveen the neural processes and completing the 
shutting-in of the neural canal both dorsally and laterally is 
a (quantity of very tough pigmented fibrous tissue (Figs, 4, 
and 6—8,/./). 
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3- The fin-rays (Figs. 7 and S, f.r), delicate cartilaginous 
filaments, supporting the dorsal and caudal fins (§g 29, 30). 
They are connected ventrally with the fibrous tissue cover- 
ing in the neural canal, and lie parallel to one another and 
inclined backwards. 

4. The brain-case, or hindmost division of the skull. 
Posteriorly it consists of a basal or parachordal plate 
(Figs. 1 and 2, b.p, b.p'), surrounding the anterior end of 
the notochord, and divided by the latter into dorsal {b.fi\ 
and ventral {b.p'') portions. The ventral portion forms a 
continuous plate beneath the anterior end of the notochord 
(Figs. 2 and 4, b.p') ; the dorsal portion consists of two 




Fig. z.— Petroiny2[>n matinus. The brain case, from above, the 
subocular arches supposed to be removed (nat. size : from a larger 
specimen tlian Fig. i). 

na, audiiory capsules : i.f, dorpal, and i.p', ventral portion of 
basal or parachordal plate : ^./, hard palate : na./, noso-palatine 
canal : ac, occipital arch : tr, trabecula : «i, side wall : II, optic fora- 
men : V, trigeminal fotamen. 

longitudinal plates, which do not unite over the notochord, 
Anteriorly the basal plate is continued forward into two 
flattened plates, the trabecule (Fig. 2, tr), which unite 
with one another in front, forming the hard palate (A./), 
and inclosing an oval space, the naso-palatine canal 
Ina.p). Laterally, the trabecule and hard palate send up 
plates of cartilage (ic), which afford side walls to the brain- 
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:, and unite with one another above the brain in a narrow 
id, the so-called occipital arch {o.c). The aide walls 

are perforated with apertures for the exit of the optic (II), 

and of the fifth and seveniK (V) nerves. 

5. The auditory capsules (Figs, i and i, 17//), paired 
ovoidal masses of cartilage, fused with the basal plate and 
cranial walls, and each containing a cavity for the correspond- 
ing auditory sac (§95); Iheit inner walls bound laterally 
the posterior part of the brain cavity, and are pierced with 
apertures for ihe auditory nerves, 

6. The nasal capsule (Fig, i, na; Fig. 3), a concavo- 
convex plate of cartilage, of irregularly oval form, lying with 
its concave side forwards, in the posterior wall of the nasal 

), and forming the anterior boundary of Ihe cerebral 
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wity (see Fig. 4 na.i:). Near its centre it is perforated by 
I oval apertures (Fig. 3, i) for the passage of the 

r?. The subocular arches, each consisting of an 
anterior lateral process (Fig. r, a././), springing from 
the anterior end of the hard jJaiatc, and of a posterior 
lateral process {fJ.p), arising from the basal plate just 
beneath tlie auditory capsule. Both processes pass down- 
wards, outwards, and forwards, and meet with one another 
at an acute angle. 

S. The styliform processes (Fig. J, st.f), cylindrical 
rods springing one from the posterior edge of each posterior 
lateral process, neitf its proximal end, and taking a directly 
rwnward course. 



g. The cornual cartilages (Fig. i, c.c), small, irregiit 
horizontal pieces, connected by fibrous tissue to the di 
ends of the styhform processes. 

10. The posterior dorsal cartilage (Figs, 
p.fl), an arched plate, bilobed anleriorly, and truncatt 
posteriorly, where it enters into fibrous union with 
anterior edge of the hard palate. 

11. The anterior dorsal cartilage (Figs, i and 4, 
B.rf), situated in front of and partly overlapped by the fore- 
going ; it is strongly arched from side to side, ends in front 
in a thin rounded edge, and posteriorly is produced on each 
side into a downwardly directed process. 

12. The anterior lateral cartilages (Fig. 
situated one on either side, just in front of the descendii 
process of the anterior dorsal cartilage ; their form 
what sigmoiilal. 

13. The posterior lateral cartilages (Fig. 1, ^. 
Battened plates, situated one on either side beneath the pos- 
terior dorsal cartilage, and between the descending process 
of the anterior dorsal cartilage, and the anterior lateral 
process of the subocular arch . 

14. The lingual cartilage (Figs, i and 4, 1^), a long 
median ventral piece, flattened from side to side, truncated 
in front, and tapering posteriorly ; by its anterior end it is 
united by fibrous tissue to a small cartilage (^ having the 
form of a semicircle, and set transversely : with the free, 
upwardly directed ends of this are connected two small 
irregular cartilages {l^"). The lingual cartilage lies in the 
floor of the mouth ; the semicircular cartilage (//) sup- 
ports the median portion of the tongue ; the small cartilai 
{/g") lie in the lateral wings of the tongue (§ 3; 
Fig. 4. //)■ 

15. The median ventral cartilage (Figs, i and 
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Bii'), a slender rod, having the form of a T with a very 
J stem, and situated in the middle line beneath the 
lingual cartilage, the anterior ends of the hvu being con- 
nected by fibrous tissue, 

i6. The annular cartilage (Figs, i and 4, an), a stout 
circular cartilage, supporting the oral funnel (§ zi), and 
giving attachment to the maxillary and mandibular teeth 
(§ U). 

17. The styliform cartilages (Fig, i, st), two 
elongated, tapering rods, attached by their thickened proxi- 
mal ends to the posterior edge of the annular cartilage, a 
little below its middle, and directed backwards and some- 
what downwards. 

18. The branchial basket {Fig. i, d.c, v.c, a—/i, ft), 
a cartilaginous framework supporting the gills. It consists 
essentially, on each side, of (i) a longitudinal rod or dorsal 
cartilage (d.c), springing from the dorsal portion of the para- 
chordal {b.p), and passing backwards along the side of the 
notochord; (2) a second longitudinal rod or ventral 
cartilage {v.c), lying close alongside, and partly fused with, 
its fellow of the opposite side, in the middle ventral line ; 
(3) irregular transverse arches {a—g, k) uniting the dorsal 
and ventral cartilages and ])assing between the outer gill- 

(4) lateral longitudinal bars (//, /) connecting the 
Uisverse arches immediately above and immediately below 
! gill-clefts; and (5) a cartilage ipc) supporting the 
psterior and lateral walls of the pericardium. 

^lach of ihe t^a^^vers(! nrchc?, except the fir.t nnd Ihe eighlh or 
ata of tevea well-marked portions; of Ihu e, llie first or 
salmost {a) and llie aeveiith or ventralmoal {g) ore flalleiied plnlef^, 
produced into longer or aliorter nnterinr ntid posterior proccssea; tlie 
second (4) and sinlli (/) are sbort curved rods j Lhe tliird (c) and fiflh 
{t) are flattened, and are proiluced into forwardly directed processes; 
"* fgurlh or midcile portion (rf) is a curved rod situated ininied lately 
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bebind the corresponding gill-cteft. The longiludinal connecting h 
(A and i) arc flattened, and unite with the third (f) and the fifth ^ 
legiuents of the transverse acchts respectively. In Front oF the first g 
cleft the two longitudinal connecting bars run together and form a 
single rod, which becomes coniiecled wilh the first transverse arch (^). 
This latler is free at its dorsal end, of tolerably r^ular cylindrical form, 
and united by a short rod of cartilage with the proximal end of the 
styliforni process [s'-p). The eighth transverse arch is also r^ularly 
cylindiical at its dur&al and ventral ends, but in the middle of its 
course becomes fucicd with the hinder ends of the langitudmal connect- 
ing bars and wilh the pericardial cartilage {/v). The latter has the 
form of a backivardly directed hemispherical cap, supporting the 
posterior wall of the pericardium, and produced into dorsal, veulrol, 
and lateral processes, of which the last enter into union with the bran- 
chial basket proper, as already described. 

The cartilages of the branchial basket lie, for the most part, immedi- 
Btety beneath Ihedor^aland ventral muscles covering the gills (^ 34, Fig. 
6, i, i], so Ihat they are seen at once when those muscles are removed: 
but the pieces marked *, rf, and/, are carved inwards and a 
sequently not seen until the surrounding tissues are dissected away.' 



B.— Directions for Dissection. 

III. Verify the following external characters : — 

19. The elongated vermiform body, almost circular i 
section anteriorly, but becoming compressed from ade H 
side posteriorly ; the head passes insensibly into the ti 
and the trunk into the tail 

20. The integument, smooth and slimy, and € 
devoid of scales; marbled with black in P. marinus, of J 
uniform bronze-green tint in P. fluviatilis. 

2T. The sucker-like oral funnel (Fig. 4, 0./) at 1 
anterior end of the body, inclined obliquely downwards a 
forwards : its rim, which is beset witli numerou 
papilliE, passes insensibly into the general surface of t 



specimen of P. 



:riptio 



of the branchial basket is taken fron 
the only one at my disposal. 
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body above and at the sides, while bolow it is separated b 
a deep furrow (Fig. 4, gr). 

22. The mouth (Fig. 4, rii), situated at the bottom i 
the oral funnel, and of a somewhat crescentic form. 

23. The tongue (Fig. 4, i), the end of which forms 1 
well-marked protuberance bounding the mouth below, and 
produced on either side into an upwardly directed, wing-like 
process {/). 

24- The yellow horny teeth, which beset the inner 
surface of the oral funnel and the tip of the tongue : one 
immediately above the opening of the mouth is large and 
bifid, and is distinguished as the maxillary tooth ; those 
on the tongue are the lingual teeth ; and a transverse 
crescentic ridge, below the tongue, and produced into 
several cusps, is known as the mandibular tooth. 



:bo cusps of Ihe maxilliiry tooth ore close together, 
and the linginl teeUi consist or tivo pairs of Imiale denliculate ridges, 
the two ventral united with one another in the miildle liue. In P. 
fluviatilis the cu^^ps of the maxillary tooth are somewhat widely sepa- 
rated, the dorsal Ungual teeth are ahsent, and the ventral are united 10 
form 3. iitrong transverse ridge, with a projiiient meiian cusp, 

25. The nostril, a single median aperture on the uppw, 
surface of the head, a short distance from its anterior end. 

26. The eyes, situated at the sides of the head, a little 
posterior to the nostril ; they are devoid of eyelids, but 
covered with transparent integument. 

27. The external branchial apertures (Figs. 4 and 6, 
e.a), a row of seven small slits on each side of the head, 
the first a little behind the eye. 

28. The urinogenital papilla (Fig. 5, t/.g.J'), a small 
elevation, situated in the median ventral line, at about a 
quarter of the length of the body from the hinder end. It 
is pierced at its summit by a small opening — the urino< 
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.genital aperture (a), — and lies in an oval depression, in 
[ifhe anterior part of which, just in front of (he base of the 
papilla, is another small aperture, the anus (a). 

29, The two dorsal fins (Figs. 7 and 8), median longi- 
tudinal folds of the integument : the anterior end of the 
first is near the middle of the body, that of the second 
somewhat in front of a vertical line taken through the anus. 
- 30. The caudal fin, continuous in front with the second 
dorsal, and continued round the end of the tail on to its 
ventral edge ; it is diphycercal, that is, evenly distributed 
above and below the axis of the taiL 




The iirinogeDilal Einus, u ith the 



Fig. 5.— Peiromyion 

ctum and port of the left Liilney (na.t. sizej. 

a, anus : in/, intesliiie : i, left kidney r r, rectum : u.^.fi, urino- 
Ecnitul papilla : u.j[.s, urinogenital sinu'i ; »r, left ureter, x, aper- 
ture of len, and x aperture of riglit ureter into urinceeDilal sinu! : 
y, bristle pasaeil tbrougli ri^ht abdominal pore ; z, brisUe passed into 
nrinogenltil sinus through its external aperture. 

■ 31. The absence of paired fins, or fore and hind limbs. 
32. The apertures of the sensory tubes, tninute 
puncliform openings on the surface of the head. 

■ IV. Remove the skin from the anterior part of one 

! side of tlie body, from the end of the mouth to a 

L short distance behind the gill-slits, and from the 

middle dorsal to the midtile ventral line : make 



The body muscles, Ij-ing beneath the skin, and 



arranged in transverse segments, called myotomes v 
myocommas, separated from one another liy strong plato 
of fibrous tissue. 

lijich myotome taUes a zigmg course ; Elnrtiiig frain the middle dartl 
line, it passes first sharply backirards, then more eently forwards, 1 
backwBtda, and fioall]' sharply forwards. The plaDC of the tnjotomes 
is nol at right aogtes to the long axis of the body, but is inclioed from 
the surface, inwards and forwntds. The muscular fibres of which they 
are composed a.re tonglludinal, i.i, at right angles to the general directloBg 
of the myotomes themselves. 



ISiti^ 




Fig. 6. — Pelromyzon marinus. Transverse section throngh t 
branchial region, semi -diagrammatic (nat. size). The giU saci 
supposed to be rotated forwards, so as to bring the external ii 
some plane as the iutemal brajicbial apertures. 

jr. ?«., branchial membrane: d.ao, dorsal aorta: d.c, dorsal c 
lage of branchial basket ; d.m, dorsal body-muselcs : /.a, ._^ 

bronchial aperture : f.t, fibrous tissue inclosing neural ca.nal : h, -i^* 
lateral longindinal cartilages of branchial l^ket : i.a, internal liranchial 
aperture : i.ju, inferior jugnlar vein ; Ju, jugular vein : my, myelon : 
nc, natochord -.-n.ca, neural canal : ii.p, neural proces^ies ; as, reai- 
phitgns : p.br, peri-branchial sinu^ : r.»i.l, retractor muscle of tongue : 
r.l, reapuntory tube : s, circum-tEsophageal sinus : v.aa, ventral aorta ; 
v.c, ventral cartilage of branchial basket ; v.m, ventral body-muscle. 

34. The division of the myotomes, immediately behind 
ihe last gill-ckft, into two longitudinal masses, a dorsal anff" 
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|i ventral, which pass forwards, the one above, thu other 
Below the line of broQcliial apertures, leaving these latter 
uncovered. 

The dorsal muscle is inserted partly by a broad tendon to the posterior 
do rsal ciniUgc {i id), and partly into the librous po^teriot wall of the 
dnt; the ventral mnsck is inserted by a longish tendon into tlie annular 

■" :« (§ "6). 

L35. The great mass of radiating muscular fibre, which, 
V the skin is removed, forms the outer surface of the oral 
gnnel. 

V. Make a median ventral incision through the skin 
and muscle forming the walls of the body, begin- 
ning about the middle of the body, and proceeding 
forwards to within about half an incli of the last 
gill-cleft, and backwards to within about an eighth 
of an inch of the anus. From the ends of this 
incision carry up vertical incisions on the left side 
and remove the long flap llius made, so as to 
expose the body-cavity from the left side. 
Great care must be taken not to injure the liver 
(§ 37), the left kidney (g 40), or the rectum {% 39). 
The following points can now be made out : — 
I 36. The pigmented peritoneum lining the whole body- 

l 37. The liver (Fig, 4, ir), at ths anterior end of the 
wity, deep red in the fresh condition in P. fluviatilis, 
Ifeenish in P. marinus. It consists of a single lobe, 
convex on the ventral side, excavated doraally for tlie 
genital gland (g 38) and intestine (g 39),. hollowed out 
interiorly for the pericardium (§44.), which it partly covers, 
d ending in a bUmt point posteriorly. 
j8. The single genital gland (testis or ovary), oc- 
1 the adult llie greater part of the body cavity: 



\ax, each lobe^H 



the testis is a soft, yreatly lobulated organ, closely r£ 
fat ; the ovary (Fig. 4, «'), is also multilobular, e 
containing numerous eggs, each about the size of a pin's head. 
The genital gland is suspended to the dorsal wall of the 
abdomen by a sheet of peritoneum, called mesorchium in 
the case of the male, mesoarium in that of the female. 
In the breeding season, the body cavity is found to be quite 
full of liberated ova, and the ovary itself is much reduced. 




n through Ihe^^H 



FiO. 7. — Petromyi 
abdoaiinal region, including the first dorsal ba (1 

cJ, cardimij veins : li.iui, dori^al aorta : /.r, fin rays :, /./, fibrons 
tissue inclosing neural canal : I'nf, intestine, tlie line pointing to the 
spiral valve : 6, kidneys : Ij; sub-vertebral lymph sinus ; m, body- 
nrnsdes : my, mydon : tic, notochord : n.ca, neural canal '" '--•'- - 



39. The intestine (Figs. 4 and 7, /«/), a straight, 
slender tube, entering the body-cavity at its anterior eni 
and on llie dorsal side : it passes backwards between the 
liver and the genital gland, and then between the lobes of 
the latter, till it reaches the posterior end of the body-cavityj 
where it dilates mto the rectum (Fig. 5, r), a 
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Ihe anus {<;). The intestine is quite free for the greater 
I. part of its length, but at its hinder end is attached to the 
dorsal wall of the body-cavity by several delicate mesen- 
teric bands, carrying blood-vessels, while in front it is 
firmly connected by fibre with the anterior half of the dorsal 
surface of the liver. 

40. The kidneys (Figs. 5 and 7, i), two elongated 
band-like organs, of a deep red colour, attached by peri- 
toneum one on each side to the dorsal wall of the body- 
cavity, and extending from about the middle of the latter to 
within a short distance of the anue. 

41. The ureters (Figs, g and 7, wr), delicate tubes as 
wide as, or wider than the intestine, and attached all along 
the free (outer or ventral) edge of the kidneys : passing 
backwards they become connected with 

42. The urinogenital sinus (Fig, 5, ti.g.s), a small 
ovoidal sac, lying close behind the rectum, and becoming 

Pirrowed ventraliy to form the urinogenital papilla 
f 
vit; 
dE 



I 43. Tlie Bub-vertebral lymph sinus (Fig. 7, ly), n considerable 

nvity inciuded between the luyers of peritoneum supporting the kidneys 

d gcnilal Riand : it is divided into two by a median verlical partition. 



. Note also the pericardium (Fig. 4, /c), lying just 
in front of and partly covered by the liver ; its almost 
hemispherical posterior wall, strengthened by cartilage 

i^ 18, Fig, !,/<■) is all that can be seen at present, 
I VI. Oi>en the urinogenital sinus by carefully slitting np its left 
I wall, first introducing b guarded bristle' by the exlemal 

aperture : obrerve — 
45. The apertures of the ureters (Fig, 5, x, x"), litualed cIob* 
Ii^elhei in the antero-dorsal region of the sinu;:, 

' That is, a btislle lipped with a small knob uf seaiiiig-wiut. 
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46. The abdominal pores (Fig. 5, y), small apertures sili^ted 
in each lateral wall of the dnus (the left will priibably have been 
dcslroyed in oiteoing the latter), and establishing a communicali " 
between the sinus and tlie body-caviiy, through which the 
products escape. 



e by a longitudinal in 



in along its wbo1< 



■ioli^H 
leralM^B 



VII, Openth. 

47. The spiral valve (Figs. 4 and 7, iiil], a longitudinal fold of 
mucous membrane, projcutinj; iolo tlie cavity of the intestine, and 
having a slight s|iiral tH-ist. 

48. The aperture of the cEsophagus (Fig. 4, y), a longiiudiiial 
valve or slit, a short distance from the anterior end of the gut, and on 
its right side : in front of this aperture, the intestine is produced for- 
wards into a fhott thick-walled, blind pouch, situated to (he left of the 
posterior end of the gullet and of the sinus venosus (§ 71). This will 
probably lie seen better at a later stage (8 jg). 

49. In P. marinu", the aperture of the bile duet (Fig. 4, i.d), on the 
ventral « all of the got, just at the point where the latter becomes free 
from its attachment to the liver. The Hie duct is absent in the adult 
P. fluviatilis, and is not usually present in P. marinus, tboogh very dis- 
tinct ill the spedmen figured. The spiral valve begins jnst posterior to 

VIII. Turn the animal to the supine position (ventral 

asiJect uppermost), and see the relations of the 

chief organs from the new point of view. Then 

remove the ovary or testis, the kidneys, and all 

but the anterior inch or so of the intestine : make 

out now — 

r^ 50. The cardinal veins (Figs. 4, 6, and 7, c*/), two large 

vessels, lying one on each side of the middle line in the 

dorsal wall o( the body-cavity. 

51. The dorsal aorta (Figs. 4, 6, and 7, //.ao), a small 
vessel, lying in the middle line between the two cardinal 



51. Traced backwards, the cardinal v 
:ud o( (he body-cavity to unite into 



. are found nt the posterior 
.ingle trunk, or rather to 
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tefoTmed by the birnrcalion of a single tnmk, the caudal vein (Fig. 
t.v), which may be Iraced to (he end of the tail, lying to the ventral 
'e of the caudal artery (Fig. 8, c.a), which is the direct coutinua- 
II of the dorsal a. 




8,— Petromyzon marinus. Tnuisverse section through caudal 

region, including the second dorEal tin (nat. size). 

f.a, caudal artery ; c.v, caudal vein : /.r, fin rays ; //, /./", fibrous 
tissue encloang neural canal : m, body-muscles ; my, myelon ; lu; 
notocbord : ti.ta, neural canal. 

I IX. Place the fish once more with the left sitie up- 
wards ; dissect away the dorsal and ventral muscles 
of the branchial region (§ 34), and, if the skeleton 
has not been examined, make out the various 
cartilages of the branchial basket (§ 18): then 
remove the latter, as well as the muscular and 
connective tissues obscuring the gill-sacs (§53): 
' get the latter well cleaned, open one or two of 

them and note : — 
33. The gill-sacs (Figs. 4 i>r, and 6), seven in number, 
arranged obliquely, each being inclined, from its inner side, 
backwards and outwards. They are compressed from 
before backwards, separated from one another by strong 
fibrous and muscular partitions, and marked externally ivith 
;1 horizontal lines, which mark the position of — 



54- The branchial filaments, sub-parallel ridges of 
the mucous membrane, lining the gill-sacs, and encroaching 
largely upon the cavity of the sa.cs. 

The whole set of lilaintnls on each side of each si 
demibranch or half-gill : the !<cptum bclweeo anj twc 
with the Iwo contiguous demibraiiehs, ansHers to a single gill of d 
of the higticr fishes, (Sec p. 46, § 84, and p. 103, § 89.) 

55. The internal branchial apertures (Figs. 4 a 
6, i.a), on the inner walls of the gill-sacs, leading into ( 
respiratory tube presently to be seen (§ 58), 

56. The peribranchial sinuses (Fig, 6, fi.ir), considen 

spaces included between tlie gill-sacs themselves and the partiliona 
which sepirale them. 

X. Remove the gill-sacs, cutting them away close round 
the internal branchial apertures, but taking great 
care not to injure the respiratory tube (§ 58), 
gullet (§ 59), &c. : also dissect away enough of 
the dorsal body muscles to allow of the structures 
mentioned being brought clearly into view. Ob- 
serve the following ; — 

57. The retractor muscles of the tongue (Fig. 4, 
r.m.t), surrounding the lingual cartilage (§ 14, Figs. 1 
and 4, Ig), and forming a prominent cylindrical fleshy mass, 
in the middle ventral line, separating the gill-sacs of opposite 
sides, and extending back as far as the pericardium. 

58. The delicate" membranous respiratory tube (Figs. 
4 and 6, r.t), lying almost immediately above the retractor 
of the tongue ' : the seven internal branchial apertures of 
the left side are seen perforating its lateral wall, 

Sg. The oesophagus (Figs. 4 and 6, as), lying imme- 
diately above the respiratory tube, and becoming continuous 
' The ventinl aorta which is tjetween the Ino ivill be mentioned 
BulKeqncntly (g -ji). 
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iteriorly with the intestine in the antero-dorsal region of 
body-cavity. Its diameter is not more than half that of 
the respiratory tube, and its walls are very delicate and 
easily torn. The best way to make it out without damage 
is to pass a guarded bristle into it from the already opened 
intestine. 

60. The pericardium, a large chamber, lying immedi- 
ately behind the last pair of gill-sacs ; its posterior wall, as 
already seen {§ 44), is strongly convex ; its anterior surface 
fits closely against the hinder or inner walls of the last pair 
of branchial sacs, and presents therefore a double concavity, 
tlie present view, of course, only the left of these con- 
ivities is seen. 



61. The circum-oeBophageal sinus (Figc. 4 and 6, s), a consider- 
able longitudinal cavity, lying above and at the sides of Ihe BuUef, and 
iiopcrfectiy divided into two tubes by a perforated vertical partition whitli 
is related to the gullet line a mesentery. Beliind tbe posterior end of the 
lespiialory tube, the)^inus extends also below the gullet as far downwards 
as Ihe ventral aorta (g 72) and between the inner or poitetior walls of the 
last pair of gill-sacs, this portion (Fig, 4, y) being also divided by a per- 
forated vertical partition. The cavity is related (o the gullet in much 
It same way as the body-cavity to the intestine. 
XI. If Ihe anterior (pre-branchial) portion of the ven- 
tral body-muscle (§ 34) is still left, remove it, and 
note 
6a. A great mass of muscle, forming a prominent pro- 
ction beneath the eye, and just in front of the gills : it 
fonns the lateral boundary of the moulh-cavity and contains 
imbedded in it the subocular arch (§ 7), styliforra process 
(§ 8), and cornual cartilage (§ 9). 

63. The salivary sac, appearing as it dark patch on the ventro- 
lateral region of the above intiss of muscle : wlien cut into, it L: seen to 
be « cavity with glandular widls : it is said to open by a line duct 
'Wo Ihe mouth. 
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the muscle^^H 
the left sidefl 



xn. Remove the eye, and dissect away the 
cartilages, fi;c. (§ 62), which form the 
wall of the mouth-cavity, first passing a probe 
into the latter from ihe oral aperture to guard 
against cutting too deejily. Also open the oesopha- 
gus and the respiratory tube by a longitudinal 
incision along the left side of each. The following 
points can now be made out ; — 
64. The almost tubular oral cavity (Fig. 4, ««), cott^ 
Diunicating with the oral funnel by the very narrow o\ 
aperture. 

65. The oral CEecnm, a btind pouch of Ihe mucous membrane 
about ihe middle of the mouth-cavily, on the dorsal side (Pig 4, n^i 
it is conlinued posteriorly into n longitudinal groove. 

66. The aperture of the cesophagus (Fig. 4, between 
in and tfs), at the liinder end of the oral cavity, and im- 
mediately beneath it, that of the respiratory tube. 
Between the two apertures the raucous membrane forms a 
sort of horizontal shelf, produced into five finger-like pro- 
cesses in P. fluviatilis, and in P. marinus into two 
blunt processes supported by small cartilages. The entrance j 
of the respiratory tube is also guarded by two lateral flaps o 
mucous membrane, the vela. (Fig. 4, vl), 

€7. Tlie spirally arranged ridges into which the mucous membrai 
of the gullet is proiiuced. 

68. The extent of the respiratory tube, and the interni 
branchial apertures of the rigjit side. 

XIII. Open the pericardium by carefully removing tl 
greater part of its left wall : note 

69. The auricle (Fig. 4, au), occupying the whole of the 
left side of the pericardial chamber, and therefore the only 
part of the heart seen at first It is strongly convex on its 
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dorsal and left side where it comes in contact with the peri- 
catdium, while on the right it adapts itself to the fonn of 
the ventricle. 

70. The ventricle {Fig. 4, v), seen by lifting up the 
auricle to lie towards the right side of the pericardium : it 
his a prismoidal form, and is of firmer texture than the 
auricle, 

71. The sinus venosus (Fig. 4, s.v), a tubular 
chamlicr, passing almost vertically from the dorsal to the 
ventral wall of the pericardium, between the auricle and 
ventricle : it is attached to the iwsterior wall of the pericar- 
dium by a thin vertical sheet of connective tissue. 

72. The ventral aorta (Fig, 4. v.ao), springing from the 
anterior end of the ventricle, and passing through the wall 
of the pericardium, forwards and in the middle line, 
between the respiratory tube above and the retractor of the 
tongue below. 

Opposite lie foorth EiH-sae llie ventral aorla bifurcates and 15 con- 
tinned forwards as two parallel imnks. From each of these are given 
oBT four afferent branchial arteries, the first ^applying the Hrst demi- 
branch (anterior wall of firit Eill-sac), the second, the second and liird 
demibranchs (posteriar wull of Aral and anterior wall of second sac), 
the third, Ihe fourth and fiftii demibrancli, and to on. The azygouj 
posterior portion of Ihe ventral aorta also gives off four afferent nrterie?, 
of wbieh the Er.-t three supply each two contiguous demibranchs (('.<■. 
one eatire gill), and Ihe fourth goea to the fourteenth or last demibranch. 
Each afferent artery b thus primarily related to a gill (§ 54) and not 

73. The inferior jugular vein (Fig. 4, i.Ju) filuateJ just below 
the retractor of the tongiio and above the median ventral cartilage of 
' « branchial basket. It brings the blood from the lower part of the 

le sinus venosus, and is best made out by mnliing a. small 
n the latter and passing a probe forwaids. 

' 74. The dorsal aorta (Figs. 4 & 6, d.ao), immediately 
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Iieneath the nolochord ; it receives the efferent branchial 
arteries from the gills. 

XIV. Remove the outer (left) wall of the auricle, 
observe 

75. The comparatively thin walls of the auricle^ 
strengthened by a network of pectinate muscles. 

76. The auriculo-ventricular valve (Fig, 
description), composed of two raerabranous flaps, and 
guarding the ova! opening leading from the auricle to the 
ventricle. 

77. The sinu-auricular valve (Fig. 4, x), also com- 
posed of two flaps, and guarding the large aperture whicll 
leads from the sinus venosus into the auricle. 

XV. Pass a guarded bristle through the sinu-auriculai 
valve upwards along the sinus venos 
will go : also make an aperture in the left cardinal' 
vein, pass a probe forwards, and open the vein; 
along it. 

78. It will be found that the cavities of the two cardinals 
unite with one another by an oval aperture (Fig. 4, x) just 
above the dorsal end of the sinus venosus, and thai, at tl 
same place, they both communicate with the sinus. 

79. Tlie bload from llie anterior part of the body, eitcept that i 
turned by the inferior jugtilar, is brought back by the jugular veil 
(Figs. 4 and 6, j'u), which lie one on eitlier side of the notoclniidi~ 
and, uniting each with the Cirrsspanding cardinal, pour their bloot 
into the sinus venosus. The jugular is best made out by 
guarded bristle forwards from the cardinal and gradually 

So, The hepatic vein (Fig. 4, X.71) may also be seen at this 
stage; leaving the liver, it pierces the pericardium and enters the 
sinus venosus at the same point as the inferior jugular. 

XVI. Open the ventricle and note 
The thick fleshy walls and small cavity. 
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The two membranous semilunar aortic valves 
;n the ventricle and the ventral aorta. 
XVII. Turn the fish with the dorsal side upwards; dis- 
sect away the muscles on the lop of the head for 
ahout an inch {P. fluviatilis) or two inches (P. 
marinus) behind the nasal aperture; proceed 
until the brain, the nasal sac (§ 89), and the audi- 
tory capsules (g 5) are exposed ; remove the roof 
from the latter. Observe the following : — 

83. The flat band-like spinal cord or myelon (Figs. 4, 
1, my, and 9), lying loosely in the neural canal {n.cii), 

and passing in front into the brain (Figs. 4 ir, and g), 
which nearly fills the small cranial cavity. 

84. The medulla oblongata or myelencephalon 
(Fig. 9, M.ff), the hindmost division of the brain, passing 
insensibly into the spinal cord behind, and on its upper 
surface presenting an escutcheon-shaped cavify, covered 

ly by pia mater, the fourth ventricle or myeloccelc 
4). 

85. The thin ledge of nervous matter overhanging the 
nterior end of the fourth ventricle is all that represents tlie 

cerebellum or epencephalon (Fig. 9, ci). 

86. The raid-brain, or mesencephalon (Fig. 9, o./), 
consisting on the upper surface of a pair of rounded eleva- 
tions, the optic lobes, immediately anterior to the me- 
dulla ; they contain a cavity, the aqueduct of Sylvius, 

mesoccele (ci/s), open above, save for pia mater, and 
communicaliou bL'hind with the fourth ventricle. 

87. The thalamencephalon, or twrixt-brain (Fig. 9, 
1), situated just in front of the mesencephalon; it consists 

two paired masses, the thalami optici, between which 
a cavity, the third ventricle, or thalamoccele (r.3), 
itinuous behind with the aqueduct of Sylvius, 
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sses, formini^^l 
heir convex»-^^H 



88. Two paired, somewhat kidney-shaped masses, 
the anterior di\-ision of the brain, and having their 
ties towards the middle line ; they are divided by depressions 
on their outer sides inlo two parts, the smaller posterior 
part answering to cerebral hemispheres, or prosence- 
phala (Fig. 9, c.h), the larger anterior part to olfactory 
lobes, or rhinencephala {alf). 

89. The nasal sac {Fig. 4, na), a rounded chamber, 
opening by a short tubular prolongation in the single nasal 
aperture. On opening, it is seen to be lined with strongly 
pigmented epithelium, and to have its walls much plaited. 



I 




Fig. 9. — Petromyzon n 
ivith the rigbt auditory fsc (X 3). 

aij.t, a(|ueduct of Sylvius : a.t.c, anterior semicircular canal : 
cerebellum : c.h, cerebral hemispheres : m.o, medulla oblongata : o./, 
optic iobes : olf, olfactoiy lobe: ; p.s.c, posterior semlL-Tcular canal : Ik, 
thalamencephalon : v, vestibule : ^,3, third ventricle : v.^ fourth 
ventricle : I— X, cerebral nerves. 



93. The olfactory nerves (Fig. 9, I), passing directly funrardt J 
froai the rhinencephala to the na;al sac, through the apertures ia U 
nasal capsule (§ 6). 

91. The optic nerves (Fig. 9, 11), springing from the ventral buiface 
of the tlialanier.cephalon and passing directly outwards through tha 
oplic foramina (g 4) to the eyes, 

"oculomotor (third) nerves (Fig. 9, III), springing froa 
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a side of the mesencephalon, and passing outwards and slightly 
to the orbit, where tbe^ suppl/ most of the eye muscles. 
93< Hie fourth pair of nerves (Fig. 9, IV}, arising from the dorsal 
side of the anterior end of ihe mednlln. They supply the superior 
obliqae moscles of the eyes. 

94. The large nerve cord formed by the united roots of the fifth and 
seventh nerves (Fig. 9, V, VII), leaving the brain just in front of 
the Qudilory capsule, and passing forwards and outwards. 

95. The auditory sac (Fig. g, v), exposed by the 
removal of the dorsal wall of the auditory capsule; it con- 
sists of an ovoidal membranous sac, the vestibule {t), 
presenting on its upper surface, towards the outer side, two 
semicircular canals {a.i.c, f.s.c), corresponding to 
the anterior and posterior canals of the higher vertebrata, 
the horizontal canal being absent. 

96. The auditory nerve (Fig. 9, VIII}, passing directly outwards 
from the medulla ahlougata to the auditory sac. 

97. The gloBsophaiyngeal (nintli) and vagus (tenth) nerves (Fig. 
9, IX, X), arising from Ihe medulla oblongattt, just posterior to the 
auditory nerve, and passing backwards and outwards. 

XVIIl. With a guarded bristle find an aperture lying 
in the anterior ventral region of the nasal sac, close 
tmderthe entrance of the external nasal canal (see 
Fig. 4) ; pass the bristle carefully into the opening ; 
it will be found to take a course backwards and 
downwards. Without removing the bristle, turn the 
fish once more with its left side iipwaa 
away the tissues betvi 
notochord and the q 
bristle is found. It lj 
into 
. The nasal csecoj 
louch, lying close unda 
Jcning anteriorly, as t 
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the nasal sac, and behind ending blindly a little posterior to 

the first internal gill-cleft. 

XIX. If another specimen is available, make a series 
of transverse vertical sections through the entire 
animal previously hardened in alcohol or chromic 
acid (see Figs. 6 — 8). The sections should be 
about 2 to 3 mm. thick in P. fluviatilis, 8 to 
lo mm. in P. marinus. Be careful not to dis- 
turb the order of the sections. Examine each one 
separately, both from its anterior and its posterior 
face, and observe the precise relations of the various 
structures already seen by dissection.^ 

^ It is important not to omit this section unless time or material fails, 
as it forms an excellent introduction to the art of interpreting sections. 



THE SKATR 

The Skate {I?aj\i baits). 
The Thornback {R. davata). 
The Homelyn Ray {R. maailatd).'^ 



A.— THE SRELETON. 

L The skeleton of the skate is mainly cartilagi- 
nous, being hardened only by a superficial de- 
posit of calcific matter, and in the vertebral 
column by internal lamina of the same material. 
It is best prepared by immersing the fish, after 
removal of the viscera, for a few seconds in hot 
water a few degrees below the boiHng-point, This 
process softens the muscles and ligaments, and 
allows of their being readily stripped off the 
cartilage without injury to the latter. When pre- 
pared in the cold, the toughness of the ligaments, 
especially in the region of the vertebral column, 
renders their removal a matter of great difficulty. 

' These are the three commonest species of the genus Raja brought 
lo Ihe London market. For the dislingnishing chaJacters of the three 
species see pp. 41 and 42, gg 54 and 60. Several of the figures arc 
tnken from ihe cuinmon New Zealand si^cies, R. tiaiula. 




As some parts of the skeleton are more delicate 
than others, it is advisable, after a very short 
immersioii in hot water, to dissect off as much of 
the flesh as will readily come away, and then to 
remove the branchial arches (§§ 40 and 41) and to 
disarticulate the skull and pectoral fins from their 
attachments to the vertebral column. The latter 
can then, if necessary, be subjected to a second 
immersion in hot water. In cleaning the skeleton 
special care is required to avoid injury to the 
branchial arches (§ 41), the spiracular cartilage 
(§ 37), and the labial cartilages (§ 34). 
The skeleton must not be allowed to dry, but should 
be either kept in spirit or prepared by the 
glycerine jelly process described on p. a, § I. In 
the latter case about three to five days' immersion 
in the glycerine fluid, and two to three days 
glycerine jelly, is required. During the process of 
drying, it will be found advisable to fix out any 
parts which show a tendency to twist or warp 
with pieces of wood or strappings of paper or 
calico. 
II. In the skeleton as a whole, note 

1. Its division into a, vertebral column, including dorsal 
and caudal fins {§§ 3 — id)-; b, skull, composed of the brain- 
case (§§ 1 7 — 33), and of a number of loosely-altached carti- 
lages, consisting chiefly of the jaws and of the gill-arches 
(§§34 — 4^) > f, shoulder-girdle and pectoral fins (§§42 —49); 
</, hip-girdle and pelvic fins (§§ 50—53). 

2. The superficial crust of ossification on nearly all parts 
of the skeleton, except some of the smaller cartilages, 
which arc entirely uncalcified, anS the centra of the 
vertebrEe, which are calcified in a special manner (g 5) : the 
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ossificarions are deposited in the form of minute polygonal 
plates, fonning a mosaic over the whole siu'face. 
III. In the vertebral column, make out 

3. The anterior part of the column, consisting of a large 
mass of cartilage — the anterior vertebral plate {Fig. 10, 
a.t:p),~not divided into distinct vertebra;, except in its 
posterior ventral portion, where there are rudimentary 
centra. It presents an almost flat ventral surface, a strong 
median dorsal ridge, and two lateral ridges, which, at about 
the middle of the plate, are produced upwards, so as to be 
nearly as high as the median ridge. The neural canal, for 
the reception of the spinal cord, runs from end to end of the 
plate, the side walls of which are perforated by two rows of 
small apertures, for the passage of the dorsal and ventral 
roots respectively of the spina! nerves. The antero-inferior 
region of the vertebral plate is produced into a scoop-like 
odontoid process, which fits between the condyles of the 
skull (§ 19}: on either side of this, on the front boundary 
of the lateral ridge, is a smooth surface, with which one of 
the condyles themselves articulates. 

4. The remainder of the vertebral column, consisting of 
distinct vertebrae, which are divided into two sets ; the 
trunk vertebrae, extending from the posterior end of the 

(vertebral plate to the root of the tail, and the caudal 
"Vertebrjc, reaching to the end of that appendage. 
IV, Examine the trunk vertebrce ; some from the sur- 
face ; some by means of longitudinal and trans- 
verse sections ; some by disarticulation from the 
rest ; and others by allowing to dry. Make out 
5. The centra of the vertebrse (Figs, ir, 12, and 13, e), 
cylindrical bodies with deeply -con cave anterior and pos- 
terior ends ; these ends are formed by concavo-convex 
plates of bone, which meet one another in the middle of the 




Fig. io. — Raja nasuta (female). The skeleton seen from ihe ventral 
a-pect (one fonnh nut. she). On the left side (right in the figDre) the 
pectoral and pelvic fins, nnd on the right the hyoid and branchial 
arches (with the exception of the fifth cemto-brnnchial) and labial 
cartilages arc removed. In the remiumng pectoral fin, only the proximal 
ends of most of Ihe fin rays are shown, and the cartilaginous branchial 
rays are omitted for clearness Eake. 

Of. I, ac. 2, anterior and posterior acetabular facets : aui, antorlntal 
cartilage ! au, auditory capsule : a.v.fi, anterior vertebral plate : dr. 3, 
e.ir. S, third and fifili cerato-branchiah : c.f, coracoii fontanelle ; rr. 
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coid ; c^Ay, ceratohyal ; i.br. 3, third epi-branchiitl : e.hy, epi-hjal : 
J S^- 2. i^' 3. aJiterior, middle, and posterior glenoid facets ; 
I, k.ir. 3, h.ir. 5, hypo-branchials of the iirst, ihird, and 
nfth branchial arches: k.^y, hypo-hyal : An, hf omandibular : hir, 
commencement of hxmal canal : il, JJiac process : lb. i, W. z, lb. 3, 
lb. 4, labia! cartUages : mrk, Meckel's cartilage or lower jaw ; mi.pl, 
mesoptcrygium : mt.ft, metapterygium ; nl, oliaetory capsule ; p.pl, 
propteryginm ; p.pn, pre-pabic process : pi.qi, plerygo-quadrale 
cartilage, or upper jaw ; fu, pubic portion of hip girdle : r, roatrum ; 
T.c, rostral cartilage : ic, scapubt : t.c.f, scapulo-coracoid fontanelle : 
sf, spiracnlar canilage : i.sc, snpra-scapiila. 

longitudinal axis of the centrum ; the cartilage intervening 
between them is further strengthened by four radiating 
lates of bone, which give rise to a cruciform figure in a 




Fig. u.— Raja nasuta. The last seven trunlt vertebra, and (he 
first ten caudal vettebtre, viewed from the left side (nat. siie). 

e, cenlra ; cd. I, fir--.t Caudal vertebra ; d.r, dorsal root of spinal 
nerve : A.p, lucmal process : h.s, h.-emal spine : i.H, inter-neursl plate : 
(../, neond process ; n.s, neural spine : r, rib : (, trunk of spinal 
nerve : tr, transverse process : tr. 28, twenty-eighth (last) trunk 
vertebra : v.r, ventral root of spinal nerve. 

transverse section of the centrum. The centra are seen to 
continue backwards the ventral portion of the anterior 
vertebral plate. 

6. The transverse processes (Figs. 11 and iz, tr), 
backwardly directed rods of cartilage, which proceed one 
from either side of the centrum, and continue backwards 
rtie lateral ridges of the vertebral plale. 



■J. The rudimentary ribs (Figs, ii and is, r), sn 
pieces of cartilage attached to the ends of the transvw 
processes. 




—Raja nasuta. A trunk vertebra, seen from !be fro| 
n ; i.ii, infer-nenra.1 plate : »./, neural process : n./. 



8. The neural processes (Figs, ii, 12, and 13, «./}, 
small triangular plates rising one from each side of the 
dorsal surface of the centrum ; a small aperture in each of 
them transmits the ventral root of a spinal nerve (Fig, 
I,, ,.r). 

9. The neural spines (Figs, 11, 12, and 13, n.s), flat 
plates dividing below into two triangular processes directed 
outwards, so that the whole plate has, in transverse action, 
the form of an inverted Y. Each neural spine is situated 
immediately above the vertebra of which it forms a part, 
but, save in exceptional cases, is not directly united 
the neural processes, so that the neural arch is, s( 
incomplete. 

10. The intemeural (or intercrural) plates (Figs. 
II, 12, and 13, i.rt), six-sided plates of cartilage, which 
complete the neural arches laterally, filling up at the same 
time what would otherwise be the intervertebral foramina. 
Each transmits the dorsal root of a spinal nerve (Fig. 11, 
d.r), the ventral root of which traverses the neural process 
next in front. 
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. The intervertebral substance, a gelatinous tissue 
ing up the biconvex spaces between contiguous vertebrie, 
and containing the remains of the embr}'onic notochord. 

V. Examine the caudal vertebne in the same way ; 
make out the following points : — ■ 
12. The centrum of each vertebra {Figs. 11 and 14, r) 
gives off, on each side, a downwardly-directed hsemal 
process {h.p), which is seen, by examining the transition 
region between trunk and tail (Fig. n), to be homologous 
with the transverse process of a trunk vertebra : the htemal 
>cesses, uniting below, form the hsemal arch, which 



S esses, m 
i 






nasuta. Longitodinttl vertical section of e trunk 
, intcr-nearal plate ; n./, neural process ; n.s. 



transmits the caudal artery and vein (§§ 157 and 158): a 
median process, the hsemal spine {h.s), is given off at 
the junction of the hEciral processes of most of the 
vertebrfe, or may occur as a distinct cartilage (see Fig. u). 

13. The absence of inter-neural plates and of ribs. 

14. The gradual reduction in size and simplification in 
structure of the vertebrte, seen in passing from the anterior 
to the posterior end of the caudal region, 

15. The skeleton of the two dorsal fins, attached to 
the posterior caudal vertebrx : each consists of several 
radial cartilages or fin rays, attached to two basal 

^rtilages, these latter being attached by fibrous tissue to 
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several contiguous neural spines. Connected with the 
distal ends of the radial cartilages are numerous homy fila- 
ments, the dermal fin rays, which support the distal 
portion of the fins. 

i6. The skeleton of the caudal fin is rudimentary, con- 
sisting of a few very small radial cartilages attached to the 
posterior caudal vertebne : the fin is supported almost 
entirely by dermal fin rays. 

VI. In the brain-case, note 

17. The flat floor (basis cranii, Fig. 10) and roof 
(tegmen cranii). 



4 



Fie, 14,— Raja nasuta. A caudal vertebra, seen from the front 
(nst. size}. 

f, cenlnim, A.fi, liEcmal process ; k.s, hienial spine ; ti.Ji, neural 
process ; n.s, neural spine. 

18. The foramen magnum, a large rounded aperture 
on its posterior wall, placing the cranial cavity in communi- 
cation with the neural canal of the vertebral column. The 
cartilage surrounding the foramen magnum constitutes the 
occipital region of the skull. 

19. The occipital condyles, rounded protuberances, 
one on either side of the foramen magnum, for articulation 
with the corresponding surfaces on the anterior vertebral 
plate : between them the base of the skull is scooped out 
for the reception of the odontoid process. 

20. The auditory capsules (Fig. 10, au), large out- 
standing masses of cartilage, one on either side of t 
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hinder or occipital region of the skull, and serving for the 
lodgment of the organ of hearing. 

zi. In front of the auditory capsules — the interorbital 
region — the cranium narrows considerably, but soon widens 
out again to form 

j2, The nasal capsules (Fig. lo, ol), large outwardly 
projecting masses of cartilage, containing a cavity for the 
lodgment of the nasal sacs, which cavity is dosed above, 
but widely open below, and communicates with the cranial 
cavity by a large aperture through which the olfactory nerve 
(5 179} passes (see §32). 

23. In front of the nasal capfiules the skull narrows again 
to form the long projecting rostrum (Fig. 10, r), at the 
sides of which the two thin rostral cartilages {r.c) are 
attached. 

24. In the postero-inferior region of tlie auditory capsule 
close to where it joins the occipital region, is an aperture 
leading by a canal excavated in the wall of the auditory 
capsule, into the cranial cavity, and serving for the transmis- 
sion of the pnetimogastric or vagus nerve (§ 214). 

L 23. A smaller aperture in the capsule external to the 
But : this gives exit to the glossopharyngeal nerve (§ a 1 5). 
P afi. Two considerable apertures in front of the auditory 
capsule, where it joins the side wall of the skull ; the upper 
and larger of the two is for the transmission of the fifth or 
trigeminal nerve, the smaller of the two, situated below and 
somewhat behind the first, for the seventh nerve or pordo 
dura (§ 186). 

27. On the upper surface of the auditory capsule, near 
the middle line, is an aperture — that of the aqueductus 
vestibuU — leading directly into the cavity of the capsule 
(see§^,3). 

the upper surface of the skull, between and ir. 



front of the auditory capsules, is a lai^ oval space closed 
by dense fibrous tissue; this is the posterior fontanelle. 

29. Anterior to and between the nasal capsules is a 
similar space, freely open in the prepared skull, the 
anterior fontanelle. 

30. In the side-wall of the skull, about midway between 
the olfactory and auditory capsules, is the large optic 
foramen for the transmission of the optic nerve {§ 183) : 
almost immediately above this are several very minute 
apertures through which the fourth nerve {§ 185) passes, 
while behind it is a small foramen for the passage of the 
third nerve (S 184), 

31. The nasal capsule is perforated by two canals just 
where it joins the skull, one through its upper part for the 
orbito-nasal nerve (§ 205), another through its lower part 
for the palato-nasal nerve (§ 209). 

32. By making a longitudinal vertical section of the 
skull, or by removing its roof, the large olfactory 
foramen is seen, leading from the cranial cavity into that 
of the olfactory capsule, and giving exit to the olfactory 
nerve (§ 179). 

33. In the same section of the skull is shown a large 
foramen — the internal auditory meatus — leading from 
the cranial cavity to that of the auditory capsule, and trans- 
mitting the auditory nerve (§ 186) : a little posterior to this 
is a small aperture by which the glossopharyngeal nerve 
enters the auditory capsule to leave it by the foramen 
already seen (§ 25, see also §§ 188 and 218); posterior to 
this again is the inner aperture of the canal for the vagus 
(§§24, 189. *i9)- 

VII. In the remaining loosely-attached portions of the 
skull make out 

34. The labial cartilages (Fig. 10, Ik 1—4), of whi 
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there are altogether four, in connection with the ventral 
region of each olfactory capsule; the first {/b. i) supports 
the corresponding flap of the fronto-nasal process {§ 64), the 
second {lb. a) lies in the fold of skin external lo the naso- 
buccal groove (§ 64), the third (K>. 3) bounds the noslril 
internally, and the fourth (lb. 4) externally. 

35. The antorbital (palatine) cartilage (Fig. 10, 
ant), a thick rod, attached to the outer face of the olfactory 
capsule, and curving outwards and backwards to join the 
anterior prolongation of the pectoral fin. 

36. The hyomandibular (Fig. 10, h.m), a club-shaped 
cartilage, articulating by its broad end with the infero- 
external region of the auditory capsule, and passing down- 
wards and forwards. 

37. The spiracular cartilage (meta-pterygoid) (Fig. 
10, sp), a semi-lunar plate, attached by ligaments above to 
the auditory capsule and below to the inferior end of the 
hyomandibular. 

38. The upper jaw (Fig. 10, pl.qii), formed by the 
fibrous union in the middle line of the two pterygo- 
quadrate cartilages, which together form a strong, 
curved, transverse bar, connected at its extremities by 
ligaments to the hyomandibular and spiracular cartilages. 
Each end presents a smooth convex facet for articulation 
willi the lower jaw, 

39. The lower jaw or mandible (Fig. 10, mck), 
formed by the fibrous union in the middle line of the two 
Meckel's cartilages ; it closely resembles the upper jaw 
in shape, and is articulated to it at its extremities. Botii 
upper and lower jaws are more strongly calcified than the 
rest of the skuU. 

40. The hyoid arch (Fig. 10, e.hy, c.hy, h.hy), a slender 
1 of cartilage, attached dorsally to the postero-supeitor 



angle of the hyo mandibular by a band of fibrous ti: 
inter-hyal ligament, and made up of three segmeni 
an epi-hyal {e.ky) above, cerato-hyal [c.hy) next, and 
hypo-hyal (k.hy) below. 

41. The five branchial arches (Fig. 10), each of which 
consists primarily of four segments, which are, counting from 
above downwards, pharyngo-branchial, epi-branchial 
(t.br), cerato -branchial {c.br)y and hypo branchial 
(h.br). The fourth and fifth pharyngo-branchials unite 
with one another and with the fifth epi-branchial to form a 
single cartilage: the first hypo-branchials {h.br.i) unite 
with one another in the middle line, forming a slender 
transverse bar of cartilage just posterior to the lower jaw : 
and the fifth hypo branch ials (//.Sn 5) also unite with one 
another to form a large basi-branchial plate, produced 
anteriorly into two processes, and lying immediately dorsally 
to the heart and ventral aorta. 

VIII. In the shoulder girdle, note 

42. The complete union of the ttt'o halves of the girdle 
in the middle line below, and the attachment of each half 
above to the median dorsal ridge of the anterior vertebral 
plate (Fig. 10). 

43. The three convex articular surfaces or glenoid 
facets (Fig. 10,^/. 1—3), situated on the external surface 
of each half of the shoulder girdle, and serving for the 
attachment of the three chief divisions of the fin {see 
§5 46 — 48). The part of the girdle wiiich lies to the dorsal 
side of the glenoid facets is the scapular region {sc, s.sc), 
— that on the ventral side the coracoid region {.-r). 

44. The three large apertures or fontanelles which 
perforate the shoulder girdle : the anterior 0/ these is 
the scapulo-coracoid fontanelle (Fig. 10, s.c.f) -. the 
postero superior, the scapular fontanelle, and t^^ 
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postero-inferior one, separated from the preceding by a bar 
of cartilage, the coracoid fontanelle {c./}. 

45. The separation from the remainder of the girdle of 
that part which is immediately attached to the vertebral 
column ; this is the supra-scapula (Fig. 10, s.sc), a flat 
quadrate plate, attached by fibrous tissue to the scapula 
proper. 

IX. In the pectoral fin, make out 

46. The pro-pterygium (Fig. 10, /.//),aIong stout car- 
tilage, articulated proximally to the anterior glenoid facet, 
and passing forwards and slightly outwards : it is continued 
forwards by a series of similar cartilages, of progressively 
diminishing size, which extend in front of the olfactory 
capsule, and one of which becomes connected with the 
antorbital cartilage. 

47. The meso-pterygiuin (Fig. 10, ms.pt), a flat, com- 
paratively small cartilage forming the central portion of the 
attached part of the fin : it articulates with the middle 
glenoid facet, 

48. The meta-pterygium (Fig. 10, mt.pt), a similar 
cartilage to the pro-pterygium, which articulates with the 
posterior glenoid facet, and passes backwards and outwards : 
it is continued backwards by a scries of smaller cartilages, 
which extend a little posterior to the pelvic girdle. 

49. The fin rays, long jointed rods of cartilage, attaclied 
at their proximal ends to the three chief divisions of the 

^^fore-limb, and becoming very slender at their distal exlremi- 
^Hies : a few enter into direct connection with the shoulder 
^^^edle, between the meso- and meta- pterygium, 
^^k X. In the pelvic girdle and fins, observe 

50. The hip girdle, consisting of a stout ventral bar 
(Fig. 10, pit) which sends off on each side a fonvardly 
d irected pre-pubic process {p-pf) from the extemaJ 
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extremity of its anterior edge, and an iliac j 
directed upwards and backwards from the cKlemal e 
of its dorsal surface. 

51. The acetabular facets (Fig. 10, ae. i, ac. 2), two 
projecting convex articular processes on the extremities of 
the hip girdle, the anterior being directed outwards, the 
posterior backwards. 

Sa. The basale metapterygii, a stout backwardly- 
directed cartilage, articulating with the posterior acetabular 
facet : it is continued by smaller cartilages to the posterior 
point of the fin, 

III the male this series of cartilages b directly continued iato (he 
skeleton of the cUspers (see % 57), which is compc»5ed of several 
more or less calcified cartilages, some of them jiroduced into aharp 
processes of various forms. 

53. The fin rays : the first four or five are attached to 
the pelvic girdle, pass almost directly outwards, and support 
the anterior lobe of the fin (§ 56); the first, or pre-axial 
ray, is many times thicker than any of the others, and 
articulates with the anterior acetabular facet : the remaining 
fin rays are connected with the basale metapterygii, pass 
outwards and backwards, and support the posterior lobe of 
the fin. 

B— DIRECTIONS FOR DISSECTION. J 

XI. Verify the following externa! characters ; — I 

54. The extreme depression of the body from abovBil 
downwards ; its rhomboidal shape, the anterior angle of the 
rhomboid being formed by the snout, the lateral angles by 
the points of the pectoral fins, and the posterior angle by 
the root of the tail, which is slender, depressed like the 
body in its anterior part, but compressed from side to side 
posteriorly. 
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i In R. batis the angle of the extreinity of the :>nout Is acute, and the 
ir pectoral angle siighlly ;o ; hi R. clavata and R, maculata 
e angle of the snout b obtose and the pectoral angles nearly right 
angles. 

55. The immense pectoral fins, of a triangular shape, 
the bases of the triangles extending from the anterior ex- 
tremity of the snout to within a short distance of the base 
of the tail, and their apices forming the lateral angles of the 
^^^homboidal body. 

^^L 56. The pelvic fins, each of which lies in the angle 

^^nctween the posterior end of the corresponding pectoral fin 

^^Wid the root of the tail, and consists of two lobes, an ante- 

^^HtoT outwardly-directed narrow one, and a posterior broader 

^^Kne, produced backwards, parallel with the tail 

^^m 57. In the male, the claspers, elongated organs, each 

presenting a groove along the outer edge, and strengthened 

by a cartilaginous skeleton which projects into the cavity 

of the organ in tlie form of sharp plates of various shapes. 

^S8. The dorsal fins, two small median lobes near the 
sterior end of the fail. 
59. The caudal fin, a still smaller lobe, quite at the 
extremity of the tail. 

60. The characters of the integument : it is tough and 
strong ; greyish brown on the dorsal, white or grey on the 
ventral side : in certain parts it is quite smooth and devoid 
of scales, but in others is roughened by minute asperities or 
by well-marked spines, both being the exposed portions of 
the placoid scales, each of which consists of a button- 
like bony base imbedded in the derm, and of a thom-Hke 
enamelled portion, which projects through the epiderm on 
to the surface of the body : these scales are best made out 
by dissecting out one of the larger ones. 

In R. batis the dorsal integument is dorli olive^reen or brown, 
r the ventral integument dark grey, with miiiale black dots marking the 
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the greater part of the skin is smooth. 

In R. clAvata, the skin is brown above, white belou- : the dorsal 
■utface of the whole body is covered with asperities often produced 
distinct spines : the litter are especially lai^ near the eyes and ~ 
middle line of the back and tail : in the female cr peciaJly, large spines 
occur on both dorsal and ventral surfaces nf the liody. 

In R. maculata the dorsal sorface is brown with darker brown 
bliick spots, the ventral surface while : the sUin is nearly 
except on the laU and in the region of tlie eyes ; in the male there 
patch of large movable spines on each side of the bead and 
pectoral fin, both on the dorsal surface. 

61. The mouth, a wide, transverse aperture < 
under surface of tlie head, supported by the strong upper 
and lower jaws, which can be felt through the skin. 

6z. The teeth, forming a close pavement of small en- 
amelled plates, produced in some cases into sharp spines. 

In R. clavata the teeth are pointed in the mole, flat in the female, 

63. The nostrils, iroderate-sized apertures, one on either 
side of the under surface of the head, a little in front of 
the mouth. 

64. The fronto-nasal process, an escutcheon-shaped 
fold of integument, extending from the posterior boundaiy 
of the nostrils backwards towards the mouth, at either angle 
of which it forms a rounded lobe, beset with fimbriae. This 
lobe bounds internally, and converts into an incomplete, 
canal, a groove— the naso-buccal groove — which ex-. 
tends from the nostril to the angle of the mouth. 

65. The branchial apertures, five valvular slits on 1 
ventral surface of the body, behind the mouth, those 
opposite sides approaching one another posteriorly.' 

' Behind the last pair of branchial apertnres, on the skin covering ft 
ventral portion of the shoulder girdle, is a pair of slit-like depression 
looking like an obliterated siith pair of gill slits 
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^^^ 66, The vent, or ctoacal aperture, a large opening 
^■Vitb tumid lips, near the root of the tail. 

67. The abdominal pores (Figs. 18 and 19, pp. 55 and 
57, a./), small Klits, one on each side of the middle line, 
just posterior to the vent. 

68. A strong bar — the ventral portion of the shoulder 
girdle (Fig. 10, cr)—can be felt a little behind the last 
pair of gill slits, and a similar bar — the pelvic girdle (/«) 
— a little in front of the cloaca. Between these lies the 
abdominal cavity, and in front of the shoulder girdle, 
between the branchial apertures, is the position of the 

» pericardial cavity, 
69. The eyes, on the dorsal surface of the head, just 
over the mouth : they are greatly depressed from above 
downwards, and have no eyelids. 

70. The spiracles, two considerable apertures, one 
behind each eye : they communicate with the cavity of the 

I mouth. The front wall of the spiracle is covered with fine 
jidges, which constitute the pseudobranchia, the remains 
of an embryonic gill. This is supported by a plate of 
cartilage which may be easily felt, called the spiracular 
cartilage {§ 37). 
71. The sensory tubes, seen best on the ventral sur- 
face, as delicate, transparent, winding lines, arranged sym- 
metrically on opposite sides of the body, just beneath the 
skin, on the surface of which they open by minute apertures. 
XII, Make a median longitudinal incision, first through 
the skin, then through the underlying muscle, from 
the posterior edge of the shoulder girdle to the 
anterior edge of the hip girdle : make transverse 
incisions from both ends of this, and reflect the 
flaps of skin and muscle, so as to expose the 
abdominal cavity. Make out the following ; — 



72. The peritoneum, a shining pigmented membrane I 
lining the abdominal cavity and investing the viscera : from I 
it is secreted the larger or smaller quantity of peritoneal I 
fluid contained in the cavity. 

73. The large, soft, trilobed liver, attached by a broad ■! 
base at the anterior part of the abdominal cavity, to the I 
hinder boundary of which its lobes extend J in colour it | 
varies from light brown to dark olive green. 

74. The Stomach, largely concealed by the middle and 
left lobes of tJie liver, and passing towards the posterior side 
of the abdominal cavity, where it becomes narrowed and 
bent upon itself in a U shape. 

75. The intestine, partly hidden by the right lobe of 1 
the liver; it is wider than the stomach and marked | 
externally with a spiral groove. 

76. The cloaca (Figs, 18 and 19, f/), connected with the i 
posterior end of the intestine and situated quite in the J 
posterior part of the cavity ; it is much larger in the female ■ 
than in the male. To bring it clearly into view it is advis-J 
able to remove carefully the median portion of the pelviw 
girdle. 

77. The spleen, a dark red lobulated body, situated 1 
between the limbs of the U-shaped stomach, 

78. The pancreas, a firm whitish gland, consisting of twol 
lobes, a large dorsal lobe, closely applied to the left side ofl 
the intestine and connected by a bridge of gland substance m 
with the small ventral lobe, which lies to the ventral side \ 
of the jimction between stomach and intestine, 

79. In adult specimens, more or less of the testes (Fig. I 
18, /) (in the male) or of the ovaries {Fig. 19, ov) and , 
oviducts (ad) (in the female) will be seen without dis- 
turbing (he other organs, at the sides of the abdominal 
.cavity, on the dorsal side of (beneath in their present 
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msition) the foregoing viscera r they should be brought 
■into view by turning over the latter. 

80, The kidneys (Figs. 18 and 19, S) are also seen 
when the other viscera are turned aside, as -long, dark red 
bodies, lying one on either side of the middle dorsal line 
of the posterior end of the body cavity ; they are often 
obscured by the thick pigmented peritoneum which covers 

^^ XIII. Make a median longitudinal incision from the 

^H anterior boundary of the shoulder girdle to about 

^^M the level of the second gill cleft : take transverse 

^^ft incisions from both ends of this, and redect the 

^^^ flaps made, so as to expose the pericardial cavity : 

^^K note 

^B 81. The strong fibrous partition bounding the peri- 
^Hcardium posteriorly, and separating it from the abdominal 
^^B Cavity. 

^H 82. The heart (Figs. 17, 20, and 31), consisting of a 

^H 'fleshy ventricle (p), from which is given off anteriorly, 

^f and somewhat to the right side, the fleshy tubular conus 

arteriosus (c.a) ; and to the dorsa! side of these (beneath 

in this position) the large thin-wallcd sub- triangular auricle 

(au), and posterior to this, the transverse, tubular, transparent 

rsinus venosus (s.v). 

XIV. Remove the skin to a distance of about an inch 

on either side of the heart, so as to expose the 

gill-sacs : remove the ventral walls of the latter, 

so as to expose their cavities. Make out 

S3. The five pairs of gill cavities, separated from one 

mother by complete partitions, and opening externally by 

Ibe apertures already seen. 

84. The red branchial filaments attached to both 
interior and posterior walls of all the cavities except the 





ZOOTOMY. 

last, the posterior face of which is devoid of them. Each 
set of filaments is a demibranch or half-gill ; each 
partition with its pair of demibranchs constitutes a. gill. 
It will be seen that there are four complete gills, and one 
odd half-gill forming the first of the series. 

XV. Make an incision through the skin of the head, 
about an inch in front of the eyes, t.t. in the 
region of the anterior fontanelle : lifting up the 
edge of the incision, so as to sec what you are 
about, cut away the roof of the skull and the 
overlying skin, until the brain and the anterior 
part of the spina! cord are exposed. If no other 
specimen is to be dissected, go over §§ 169 — 189; 
then remove the brain by cutring through the 
nerves and place it in strong methylated spirit. 
If a special dissection of the nervous system is to 
be made, remove to spirit at once,^ first noting 
85. The dura mater, or membrane lining the cerebro- 
spinal cavity, in which the brain and spinal cord lie. 

. The pia mater, a delicate membrane investing 
the brain and cord and containing numerous blood- 
vessels. 

87. The arachnoid Quid contained in the cerebro- 
spinal cavity. 

\ niass of gelatinous tissue fitlmg up ihe anterior part of the 
cerebral cavity. 

' For the satisfuctoiy dissection of the brain, it isnecessar; for it to be 
placed in spirit while fresh : it is therefore advisable for the student lo 
reach thissti^e of the direction by Ihe end of the Grst day's work. For a 
permanent preparation, the brain should be placed for 24 hours in a 
saturated solution of dnc chloride, and then, after removal of the pia 
mater, into strong alcohol, which should be changed at least once 
(Giacomini's method) : the brain, either separate or I'li siiu, may then 
be prepared by the glycerine jelly process (p. 2, 9 I). | 
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XVI. Place the animal with the ventral side upwards, 

turn the lobes of the liver forwards so as to 

expose the remaining abdominal viscera, and 

without cutting or tearing anything, make out the 

following points : — 

9. The relations of the various parts of the alimentary 

il: the cesophagus or gullet enters the abdominal 

ty through its anterior wail, to the dorsal side of the 

liver, and almost immediately dilates slightly to form the 

stomach : this passes to the posterior boundary of the 

abdomen, becomes narrowed, ttu-ns upon itself, and passes 

forward to about the middle of the cavity, where it forms a 

thickening — the pylorus— and becomes continuous with the 

intestine : this is, in its anterior or proximal portion, 

devoid of the spiral groove mentioned in § 75, and loses 

it again in its posterior or distal part, shortly before it 

;ses into the dilated cloaca: the anterior smooth 

ion of the intestine may be called the duodenum, 

middle, dilated, spirally-marked portion the colon, 

id the posterior smooth portion the rectum : to the 

latter is attached, dorsally, a small conical red body, the 

rectal gland. 

90. The mode of attachment of the alimentary canal. 
The posterior part of the cesophagus and anterior part of 
the stomach are suspended to the dorsal wall of the abdo- 
minal cavity by a fold of peritoneum, the mesogaster: 
the rectum is similarly suspended by a second fold, the 
mesorcctum. The greater part of the intestine, on the 
other hand, is entirely unsuspended, so that there is no 
mesentery proper. 

91. The fold of peritoneum — gastro-hepatic omen- 
tum — which passes between the liver and stomach, and is 

lined near the latter by a similar but much longer fold, the 
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duodeno-hepatic omentum — from the duodenum, 
these folds are contained the various vessels passing to t 
iiver {§ 93). 

92. The attachment of the spleen to the dorsal waU t 
the stomach by a broad sheet of peritoneum, the gastrojj 
splenic omentum. 

93. The vessels ' contained in the duodeno-hepati^ 
omentum, to see which the membrane should be pntfl 
somewhat upon the stretch. These are the bile duct 
(Fig, 15, c.b.ti) to the animal's right side, the duodenal 

' For the sadslactoty dissection of the blood-vessels the Esh should be 
injected : if not, they may be made out by inflaUng with air by means 
of an anatomica.1 blowpipe. 1 find the following the most convenient 
method for injectioD. Have ready foiu' of the movable cannula usually 
provided with injecting syringes, or if these are not at hajid, four glass 
tubes drawn out to the form shown in the anneied cut : the end a is 
for iiisenion in tbe vessel, the constriction * for the 
purpose of preventing any slipping of the ligature, 
over the end c s. -short piece of indi^-rubber tubing is 
placed, ajid into this the noi^le of Ihe syringe is pushed. 
Make a small incision into the conns arteriosus, place 
one cannula in it, directed forwards, and tie it Grmly 
in its place ; tie the second, directed outwards, into 
the sinus venosns : the third, directed forwards {i.e. 
towards the dorsal aorta), into the duodenal artery : the 
fourth, also directed forwards, into the duodenal vein. 
Fill anordinary tumbler half fiUl of fine plaster of Paris, 
coloured with a little of the common " French bine " or ultramarine 
of the oil shops : fill up the tumbler with water, stir well and 
immediately strain tbe liquid through coarse muslin into a second 
tumbler. Fill the syringe, and inject through all four canjiolEe suc- 
cessively. This must be done very rapidly or the plaster will set. On 
removing the syriage from a cannula, the india-rubber tube should 
be plugged with a small -piece of wood to prevent escape. All fte 
chief vessels are injected in this way r the ventral aorta and its branches 
from the conua, the systemic veins from (he sinus venosus, the dorsal 
aorta and its branches from the dnodcnal artery, and the portal vein 
n the duodenal vein. The caudal and renal portal veins have to b 
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and superior mesenteric arteries (Fig. ao, //, s.m) towards 
the left, and the wide thin-walled portal vein (Fig. i6, /) 
between them. 

Rmuiiiig paraJid nith tiiese vessels is also a trin>;pirenl: thin-walled 
lymphatic vessel, from which mnay of the chief lymphatics can be 
injected. 

94. The gall bladder (Fig. 15, gJ), a greenish or 
yellowish transparent sac, partly imbedded in the liver 
between its right and middle lobes. 



^T Fig. 




Fic 15. — Raja nasuto. The gall bladder 
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XYII. Carefully dissect away the peritoneum from the 
bile duct i make a small aperture in its wall, in- 
troduce a blowpipe and inflate : the gall bladder 
will be distended : trace the duct in both directions 
and make out 



done separately ; the femoral and ilio-hiemorrhoidal vein? also often 
tscape being filled. In a preparnlion fjr demonstrating purposes it is 
advisable to colour the plaster of Paris used for injecting the dorsal 
ith verniiliou or carmine iiialead of French blua 
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95. Its passage anteriorly into the gall bladder, by the 
short cystic duct (Fig. 15, (.d). 

96. Its entrance ix>steriorly into the duodenum, im- 
mediately behind the pylorus on the dorsal side. "A bristle 
should be passed into the duodenum through the cut end 
of the duct. 

97, The junction with it oC the two hepatic ducts, 0111: (Kig. 15, 
I.A.J) bom the middle and left lobes, the othur [r.i.d} from the right 
lobe of Ihe liver ; the latter enlerf the common bile duct close to its 
juQction with the liver, so that the cystic duct {cif) is very short. 

XVIII. Dissect away the peritoneum ft'om the pancreas, and 

98. The pancreatic duct, passing Trom the ventral lobe of the 
gland to open into the ventral wall of the dnodcauw, ahnost eiactlj 
opposite the eiilrance of the bile duct, 

XIX. Dissect away the peritoneum from the blood 
vessels mentioned in § 93, and trace them in both 
directions, turning the stomach over to the left to 
see the origins of the arteries. Note 

99. The portal vein (Fig. 16, /), passing towards the 
middle lobe of the liver, and sending off branches to all 
three lobes. 

It is constituted dklally by a gastric vein [5), which receives the 
blood from the stomach, and by a meaenieric vein {Ju, spl,pn, /), 
which receives the blood from the intestine, spleen, and pancreas. 

100. The cceliac artery (Fig. 20, ca:), entering the 
abdominal cavity on the dorsal side of the cesophagus and 
dividing into two trunks, one of which, the gastro-hepatic 
artery, sends off a hepatic artery {h) to the liver and 
a gastric artery (f) to the stomach, while the second or 
duodenal artery (d) passes down the duodeno-hepatic 
oraenlura, and supplies the greater part of the duodenum 
and the pylorus. 
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101. The superior mesenteric artery (Fig. zo, s.m) 
entering the abdominal cavity parallel with, and a little 
posterior to the cceliac 

II divides into two main brancies, one of which supplies the intestine 
(t), the other the pancreas (/«) and spleen (j//). The rectum is 
mainly supplied by the small inferior mesentenc artery (g 157, Fig. 
20, i.Jn), which pa^es directly from the aorta to the rectal gland. 




I. Tlie portal vein (one-third □ 
S, gastric vein ; i, inle&linal vein : ; 
pancreatic veins ; sfil, splenic vein. 



. The ranflficarions of the gastric branch of the 

pneumogaslric nerve on the walls of the stomach (see 

§ ^14). 
^p XX. Turn the liver into its natural position again, and 

^k remove just sufficient of the shoulder girdle to 

^^1 bring into view 

^H 103. The hepatic sinus (Fig, 17, //.i), a large transverse 
^^^^ssel, lying across the ventral surface of the cesophagus, 
^^Btunediately in front of the anterior border of the liver ; it 
^Receives the hepatic veins by which the blood is returned 

from the liver. 

104. The anterior extremities of the oviducts (Fig. 19, 

^./) in the female, or the rudimentary pronephric ducts 
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in the male (Fig. iB, Jtn.d, see §§ 1)7 and 118.) The 
former are attached to the dorsal {under, in the present 
position,) surfaces of the shoulder girdle by a distini 
ligament 

XXI. Remove the liver, talcing care not to injure-* 
the hepatic sinus or oviducts : cut through the 
stomach just beyond its junction with th< 
phagus : cut through the rectum just anteriorly to 
the rectal gland : remove the alimentary 
between these two points. 

Wash out the contents of the alimentary canal by directing a 
of wa.ter through it, then fill with a O'J per cent, solution of chromic 
Bcid, by tying one end, pouring in ihe acid through a Rmall fumid or 
injecting it nith a syringe, and «ben full, tying the other extremity : 
place in a vessel of [he same solution for a few days : when sufficiently 
hardened, cut windows in various parts and make out 

105. The pyloric valve, a fold of macous membrane extending 
between the stomach and intestine, and opening toivards the latter. 

106. The spiral valve, commencing in the duodenum as a simjd6| 
inwardly-directed fold of the mucous membrane, and in Ihe " " 
becoming a spiral inclined plane which finally terminates at the 
mencement of the rectum. The develapment of the spiral valve 
almost indelinitely : its width may be cither less than, equal 
greater than the Eemi-diameter of the gut : the plane of any part of ' 
may be either at right angles to the long axis of the intestine 
clined to it in either direction. There is also much varialion 
number of turns of the tpiral and in the character of the 
membrane. 

107. 'iTie irrt^ularly longitudinal ridges or ruga of the stom 
lo3. The network of fine ridges, covering the interior of the i 

and the spiral valve. 

XXII. If the fish is not injected, make a smaL aperture in 
sinus venosus, introduce a blowpipe directed outn-ards, 

tog. If nothing has been cut, a large inflated sac will be seen ii 
middle of the aitdominal cavity, betueen the genital glands : this 1 
great cardinal sinus (Fig, 17, cd.s), formed by the union in 
middle line of the two posterior cardinal veins (iJ), by which thebl< 
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third nal.' size). ' 

The portal vein is not shown ; ihe renal portal vein [r.fi) is supposed 
to be removed on the right side (left in the figure), and Ihe femornl 
(/«), ilio-hseraorrhoidal [il.A), &c., veins s.i well as part of the car- 
avaal (trf) on the left. The right precaval sinus (fe.i) is cot open, 
BO as to show the npettnrcs in its moIIs. Thecutlines of those pnriioos 
of (be auricle {au) and sinu.1 venosus ls,v) which lie hehind (dorsal 
to) the ventricle iv\ are dolled. 

at, veins Crom ahdominal walls : oh, aurie'e : f.a, bulbus anteriosus : 
6r, brachial vein : f, caudal vein : f.a, conns arteriosus : cd, cardinal 
vein : tJ.', [losterior anastomnsii of cardinal veins ; ci/.i, cardinal sinas : 
'flffi epigastric vein : fm, femoral vein : i.r, hepatic sioua ; Aa, hemor- 
rhoidal veins : i!,A, ilio-hiemorrhoidal vein : i.Ju, inferior jueular 
vein : Jii, jugular vein : fy, opening of lymphatic trunk into precavnl 
sinus ■ fie.!, precavot ainui : r.fi, renal porta! vein : r^, factors of 
renal portal vein from pelvic and lumbar r^oiM : r.f, branches of 

renal portal veins entering kidney : ■ - ■" " - - -'— ■ 

-', ventricle. 
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is brought back from the (ail, kidney;^, genital crgans, cloaca, i 
pelvic Aoi, &c. These veins run algng Ihe inner side of the kidney 
(see § 13a), and enter the sinus at abont the anterior eitremity of thos 
glands : leaving the sinus, the cardinal veins are continued rorward».B 
e round the gullet to join the precaval sinus ifit.i) : they are:l 
best seen at a future stage. 



XXIII. The following organs are also best observed at I 
this stage : — 

no. In the male, the testes (Fig. 18, /), irregularly ovaLl 
bodies, closely connected with the venous sinus, one c 
either side. In the adult they have a Bat ventral and aj 
rounded dorsal surface : the former has a granular appear-B 
:, the latter is beset with small rounded elevations. InJ 
the young condition the whole surface is quite soft and] 
granular. At its anterior end, even in the adult, the 
is soft and thin, and passes into the upper end of thsa 
epididymis (see § 114) by which its secretion is carried 
off. 

111. In the female the ovaries (Fig. ig,i!v): these in 
the young condition are indistinguishable from testes, but in 
the adult stale are covered with elevations varying from the 
s'lr.e of the yolk of a hen's egg downwards— the GraafiatlJ 
follicles. Note the absence of any duct in direct con-'J 
nection witli the ovary, the ova having to pass into 1 
peritoneal cavity before reaching the aperture of the ov) 
ducts. 

112. The fold of peritoneum called mesorchium i 
the male, mesoarium in the female, by which the genita 
glands are supported. 

XXIV. Remove the genital glands and the venoai 
sinus, and very carefully dissect away the perito 
neum from the organs still left in the abdomin 
cavity, noting 

113. The kidneys {Figs. 18 and 19, ^), fiat, reddis] 




Fig. iS,— Raja batlB, The urinoEenilal crgans of the male (one- 
Ihml naL sire). 

The organs are supposed to be removed from llie body along wilb a 
small portion of Ihe cesophagus (arj), and viewed from Ihc vent ral aspect : 



which, with the spenn ebc {s.s) is turned outwards to display the 
nretns (ur): the doaca (el), the urini^enital rinus (u^.r), and Ihe 
right vesicida seminalis (i/.s) and sperm sac (i.j) uc laid open. 

a.f, abdominal pore : cl, cloaca : ^, epididymis : t'.r, inler-renal 
body : i, kidney ; ars, te^ophagas ; fn.d, pronephric duct : J.i, sperm 
sac : s.i, its opening into the urinc^enilal sinus : t, testis i vg.p, urino- 

Snitol papilla: vg.s, uritiogenital sinus; vr, ureter: ur", its opening 
ID the nrinogcDital sinus: -n.d, vasdeferens: i>.t, ve^cula seminalis : 
\» opening into Ibe sperm sac. 



lorsal wall of ^H 
:ntral surfaces ^H 

e flat, whitish ^^ 



brown, lobulated bodies, lying dose to the dorsal 
the abdominal cavity, and covered, on their ventral 
only, by peri tone ura. 
In the male. 

114. The epididymes (Fig. 18, epd), long flat, whitish 
bodies overlapping the anterior part of the kidneys, and con- 
tinued forwards to the front boundary of the abdominal cavity. 
The greater part of the epididymis (mesonephros or parof' 
chis) has a granular appearance, and its actual tubular 1 
structure is only seen in microscopical examination, but on. 
its ventral surface it is very evidently made up of a greatly 
convoluted tube, which becomes more distinct and less con- 
voluted near the posterior boundary of the parorchis, where 
it passes into 

115. The vas deferens (Fig. 18, v.d), mesonephric 
duct, or duct of the testis, a convoluted tube passing back- 
wards from the hinder end of the epididymis, towards the 
posterior boundary of the abdominal cavity, where it 
becomes dilated. 

116. The Bpeim sacs (Fig. iS, j.j], large whitish ovoidal bodies, 
in the posterior region of the abdominal cavity, and inunediately 
external to the posterior dilated portion of the vasa deferenlia, from 
which Ihey are separated externally by so slight a groove oa not to be 
readily dbtinguishable from Ihem. They are seen to advantage oidy 
fully adult specimens. 

117. The coalesced remnants of the Miillerian or pronepi 
ducta(Fig. iS, pn.d\, consisting of a line thin-walled tulj 
on the ventral wall of the hepatic sinus, where it dieE 
each side, and opens in the middle line by a small apertnre honaj* 
logons with the peritoneal opening of the oviducts in the fe 
(see 8 1 18). 

In the female. 

118. The oviducts (Fig. 1^, fl.t, ut), each of which 1 
consists of two parts: a posterior, wide, thick-walled uterine j 
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portion (ut), opening into the cloaca, and an anterior, 
slender, tiiin-walled portion, or Fallopian tube fy?./) 
which unites with its fellow of the opposite side on the 




The urmogenilal oi^aiis of Iht female (one- 

The oteons are removed from the body along with a. small portion of 
the ccsophagui [ai), and are viewed from the ventral aspect. The left 
ovary {av) is removed as uell as ttte greater part of the right oviduct ; 
the cloaca and the right horn of the urinary bladder are laid open. 

a.fi, abdominal pore : f/, cloaca : ^.1, Fallopian tube, or anterior 
portion of ovidnct : ^.f, common opening of the conjoined Fallopian 
tubes into the abdominal cavity : i, kidney i mH.d, mesonepbric duct i 
aJ.g, oviducal gland ; as, cEsophagus ; an, ovary : H.i, nrinarjr bladder : 
tl.f, urinary papilla : ur, ureters : ut, uterine portion of oviduct : 
» ttt, itsopeoing ii:- ■ "" 



J ihe cloaca. 



ventral surface of the gullet, where llie two tubes h; 
common oval opening (Jl.t) into the peritoneal cavity. 
At the anterior end of the uterine portion of the oviduct is 
a large, solid, reniform body, of a whitish hue, imbedded in 
' its walls : this is the oviducal gland {od.s), and secretes^ 
the homy " purse " in which the eggs are laid 
developed in very young specimens, 

iig. The urinary bladder (Fig. 19, u.b) a. bilol 
sac with thin membranous walls, situated between 
posterior ends of the oviducts ; it will be better seen a( 
distension with air (see g i23). 

XXV. Open the cloaca by a median incision along 
ventral wall, and note in it 

lao. The opening of the rectum. 

In the male. 

121. A small, thin-walled tube, the urinogenital papilla 
(Fig. 18, ug.p), projecting fiom the dorsal wall of the 
cloaca. By inserting a blowpipe into this and inflating, 
the sperm sacs and vasa deferentia will be dilated. 

In the female. 

122. The large, thick-lipped apertures of the oviducts 
(Fig, ig, uf), one on each side of the anterior region of 
the cloaca. In young specimens each of these is closed by 
a fold of the mucous membrane, the hymen. 

123. A small conical elevation, the urinary papilla 
(Fig. 19, u.p), situated between the oviducal apertures and 
having at its apex a small opening .: by inserting a blowpipe 
into this and inflating, the urinary bladder will be 
distended. 

Iti the male^ 

XXVT. Slit up the urinogeoilal papillii, cutting tiXaag a probe OT 
m only be mode out to advantage 
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blowpipe passed into it, and. taking care not to go too far. 
The papilla will be found to lend into 
124. The urinogenital sinus (Fig. 18, ug.i), a small cavity attached 
to rhe dorsal wall of the cloacn, into which il opens by the urinogenilul 
papiUa : at its anterior extremity will be seen (wo pairs of apertures, 
one pair (i./) ventrally situated, round, and opening into the spemi 
sacs, the other pair {ur') dorsally sitiiated with regard to the first, 
partly hidden by the projection into the sinus of the sperm sacs, of a 
somewhat crescentic form, and leading into the ureters (§ 128}, 

_ XXVn. Remove all that is left of the rectum, and of that pan of 

L the doaca anterior to the urinogeoital sinus : slit open the 

^a Ep>erm sacs along their ventral wall ; note 

^~ 125. The greenish epithelium lining the sperm sacs, and the gr^enkh 
"Viscid fluid which (ilia them, and which consists of semen mixed wilh 
Ihesecrrtionofthesacs. 

126. A crescentic, thick-lipped aperture (Fig. 18, v.i^, on the dorsal 
wall of each sperm sac, just within (anterior tu) the opening of the sac 
into the urinogcnital sinus : this aperture leads iato the vas deferens. 

XXVIII. Open She lower part of the vas deferens and note 

127. Its expansion posteriorly into a chamher — a sort of vesicula 
seminalis (Fig. 18, i/.i), which has its walla produced into laminae, 
dividing its cavity into a number of compartments ; at its posterior end 
this dilatation of the vas deferens opens into the sperm i^ac by the 
crescentic aperture already noticed. 

>XX1X. Carefully dissect one or both of the vasa 
deferentia from the surrounding parts, and either 
remove it entirely or turn it over to one side. 
Make out 
128. The ureter (metanephric duct. Fig, 18, wr), a 
delicate, colourless tube, situated close to the inner edge of 
each kidney ; it is made up by lesser tubes proceeding from 
the several lobes of the kidney, and passes backwards to 
open into the urinogcnital sinus by the slit-like aperture 
already noticed. 

lag. The inter-renal {Fig. 18, »>), a long, irregular 
body of a yellow colour, lying just to the inner side of the 



6o ZOOTOMV. 

Tbe trde adrenals or supra-rcnal bodies are smill ydlow w 
conncctioD widi the <iynipa(lietic ganglia. 

130. The cardinal veins (Fig- 17, cd) lying to tie ventral side ol 
tie ureters, receiving veins from the kidneys, uniting with one a 
poaleriorly by a transverse anastomoBis, and passing forwards tc 
the cardinal sinus (g 109). 

131. The dorsal aorta {Fig. zo, d.ati), a delicate arter 
lying in the middle line between the kidneys, to which i 
sends branches. {See § 157). 

XXX. Dissect away the skin from the ventral face of ot 
pelvic dns, and make out 

132. The gland of the clasper, consisting of a large ovoidal si 
with thick muscular walb, Tthich leads by a widkh passage at its 
posterior end into the cavity of the clasper, and which receives the 
secretion of the gland itself. This is seen hy cutting away the ventral 
wall of the sac IQ consist of two lobes, with a longitudinal groove 
between them, in which are the numerous papilllforui termiziations of 
the efferent ducts. 

In tlu female. 

XXXI. Turn over one of the oviducts and the corre- 
sponding half of the cloaca to the opposite side of 
the body, so as to expose one of the kidneys: 
dissect out — 

133. The ureters (Fig. rg ur), delicate tubes proceeding 
from the inner edge of the kidney; those coming from the 
anterior part of the gland pass backwards, those from its 
posterior part forwards, towards the dorsal wall of the 
urinary bladder, which they etiter, 

134. A delicate thread proceeding forwards from each 
horn of the bilobed bladder, and presenting slight enlarge- 
ments at intervals ; this is the parovarium (Fig. ig, mn.i) 
the rudiment of the anterior part of the Wolffian body ot 
mesonephros of the embryo, and answering to the parorchis 
in the male. 

XXXII. Remove the ventral wall of the urinary bladder, and note 



^^B 135. The dice' 
^Ridl of Oie bhdi 



□ each side of the dorsal 



136. The adrenals, inter-renals, dorsal aorla, and cardinal 
veins, which have the same relations as in the male{§§ 129- 

In both sexes. 
■ XXXIII. Carefully dissect away the muscular tissue 
immediately anterior to the heart and between the 
two seta of gills, and make out 

137. The synangium or bulbus arteriosus (Figs, so 
and 21, h.a\ a white dilatation, connected with the anterior 
end of the conus arteriosus or pylangium {c.a, § 82), Lind 
giving otf three vessels, one anteriorly, the ventral aorta 
(v.aa), and one on each side, the posterior innominate 
arteries (p.in). The ventral aorta passes forwards to the 
level of the anterior gill cavity, and there divides into two 
vessels, the anterior innominate arteries {a.vi) which 
are given off at right angles to the ventral aorla, one on 
either side. Each anterior innominate artery soon divides 
into two trunks, each posterior innominate into three ; these 
five vessels are 

138. The afferent branchial vessels (Figs. 20 and 21, 
a.dr. I — 5), each of which goes to one of the plates by 
which the gill cavities are separated from one anothqr, passes 
from the ventral to the dorsal extremity of the plate, external 
to the branchial arch (see § 166), and gives off branches to 
Ibe gill filaments. 

139. The hypobranchial artery (Figs. 20 aiid 21, /ly-ir], tixiinine 
>rly, just internal to the g'ts, and crossing the aSerent 
inebinl arteries : it springs; from the brachial artery (g 157), anajitumoscs 
with Ihe efferent branchial nrteries (§ 156}, and, besides supplying the 
tissue of the gills, sends off an anterior coronary artery (Fig.';. 20 and 
and venb-icle, and a poBteiior 



Hjoegi 



^coronary (/.ni), I 



the si 




Fig. 20, — Raja nasuta. The arterial sjslem, seen riom the venlral 
aspect (one-third nat. size). 

The heart and ventral aorta (v.ae) are slightly displaced towards the 
right side (left in (he figure) : the left afferent branchial arteries (o.4r) 
are removed, and the right efferent branchial* (e-iri : the lett efferent 
branchials are straightened out, so as to bring their ventral ends to the 
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eitreme right of the fignre : [he left hypobranchiol nrtcry 'a also 
displaced cmwoids ; that of the right side {left in the 6gure) {Ay.ir) 
ii drawn in sHu, 

a.ir. t, first, and a.ir. 5, last afferent hrancbial artery : a.ca, anterior 
coronary artery : a.in, anterior innominate artery : i.a, bulbus arterio- 
EOs : ir, brachial artery : c, caudal artery: c.a, conus arteriosus: 
c.c, common carotid artery: rir, celiac artery; d, duodenal artery: 
d.a^, dorsal aorta; e.ir. I, first, and e.ir, 9, last efferent branchial 
artery ; e.c, eitcmol carotid artery ; /.n, artery to fronto-nasal process : 
g, gastric artery: A, hepatic aj-tery : Aj', hyoideon artery: hy.br. 



, inferior mesenteric arlery : mn, artery ti 
dible : n,br, nntrient arteries of the giiii : od, ovidocid arteries : p.ta, 
posterior coronary artery : t-iii, posterior innominate artery : pn, 
pancreatic arteries: r, renal arteries: i, artery to snout: s.d, snb- 
clavian arlery : s.m, superior mesenteric artery : spl, splenic artery : 
sptn, spermatic artery ; v, ventricle : I'.iw, ventral aorta : vr, vertelial 

140. The inferior jugular vein (Figs. 17 and 2i, Lju) situated in 
the dorsal wall of the pdricardiam, near its outer border : it brings 

I blood from the lloor of the mouth and pericardial walls, and enters the 
jirecoTnl sinus (I 149, Figs. 17 and 2i,/i-.j). 




Fig. ai. — Raja nasuta. Diasram of the heart and chief blood- 
vesaeL*, from the left iide ^holf nat. size). 

a.lir. I, first, and a.iT. J, last afferent branchial artery : a.eo, anterior 
coronary arlery : au, auricle : br.a, brachial or Bubdavian artery : 
br,v, brachial vein : i.a, conus arteriosus : cd, cardinal vein : d.mi, 
doisal aorta ; e.br. i, first, and e.br. 9, last efferent branchial artery: 
<i.r, hepatic sinus : hy, hyoidean artery : hyjtr, hypo-branchial artery : 
i.ju, inferior jugular vein : ja, jugular vein 1 n.br, nutrient arteries of 
the gills: p.ta, posterior coronary arlery; pc.s, precavai sinus: j.u, 



141- The thyroid gland, a flattened rounded body, o 
a, deep red colour, situated immediately in front of 
anterior end of the ventral aorta. 

XXXIV. Cut throagh the ventral sorta and posterior in 
arteries close to the hulbus arteriosus, and turn I 
iiackwards, so as to exjxue the pericardial cavity. Note 
142. An aperlure in the centre of the posterior dorsal region of tlie>f 
pericardium : by passing a probe into this it will be found to 
a funnel-shaped cavity which soon divides into two membranous canals J 
These— the pericardio-peritoneal canalo— pas-s backwards along Q 
ventral wall of the gullet, and open each by a widish apertur^ 
placing the pericardium in communication with the pecilooeal ca 

XXXV. Remove the heart entirely, by cutting through. I 
both ends of the sinus venosus and the membrane f 
by which it is united to the pericardium: make! 
out carefully the relations of the various parts of J 
the heart (g 8z), then cut open, iirsttheatmcleand4^ 
sinus venosus from the dorsal side, and afterwards I 
the ventricle and conus arteriosus from the ventral | 
side. Make out 

143. The thin, smooth walls of the sinus venosus. 

144. The thin walls of the auricle, strengthened by al 
complicated network of muscular fibres, the muscuU I 
pectinati. 

145. The large sinuauricular aperture guarded by 
the two membranous flaps of the sinu-auricular valve. 

146. The circular auriculo- ventricular aperture, 
guarded by the two long flaps of the auriculo-ventricular 
valve, which are attached round the margins of the aper-B 
ture, and hang down into the ventricle. I 

147. The small, horseshoe-shaped cavity of the ventricle, 
and its immensely thick walls, strengthened internally by 
musculai' ridges or coIumnEC cameEc. 

148. The three longitudinal rows of aortic valves in>g 
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the conus arteriosus, each row containing five somewhat 
semilunar flaps, opening towards the synangium. 

XXXVI. Pass a probe, directed outwards and bnefcwards, into 
either of the cut ends of the sinus venosua : carefull)' cut away 
the caitilnge of the shouldor girdle and otber ti^iies until the 
end of the probe is tirought into view : it will be found to 
have pn^sed into 

149. A small chamlier, the ptecaval ainus (Figs, 17 and 2l,/i'.j), 
situated in the ontero-Ialeral angle of the abdominal cavity. In its 
w-all are several apertures : one, situated anlero -in lemaJly, Is the opening 
of the jugular vein (/a), by which the blood is returned from the 
head : another, poslera-intcmal in position, is the opening of the 
cardinal vein (rrf) already seen : a third, on the ventral wall of the 
sinus, pnts it in communication with the hepatic sinus (i.i) : a fourth, 
at its anterior end, leads into the sinus veQOSUS (i.zi) : a fifth, very 
small, just internal to the last, into the inferior jugular vein (i.ju) : a 
sixth, on the outer wall, into the brachial vein (ir) and la».t1y, in 
ihemiddle of the dorsal wall, is a transverse aperture, guartL-d by two 
valves, by which the contents of the chief lymphatic trunk (Fig. 17, 
ly) ate poured into the ^ilnns. 

150. A sympathetic ganglion (see | 220), a whitish elongated body 
aboMt a quarter of an inch long, will be found immediately outsi>!e the 
inner wall of the sinus, 

XXXVII. Cut away the remainder of the ventral 

portion of the shoulder girdle, and cut through 

the floor of the mouth, by making an incision a 

little to one side of the median line so as not to 

injure the ventral aorta, through tho cesopbagus 

and basi branchial plates (see § 41), and through 

both jaws. Fasten back the two halves of the 

mouth-floor thus separated, so as to expose Ihe 

whole oral cavity from beneath. Note 

igi. The internal branchial clefts, five long vertical 

fissures, by which the gill pouches communicate with the 

cavity of the mouth. 

152. The opening of the spiracle into the mouth, just in 
front of the first gill cleft. 
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153. The curved liard bars which separate the gill cleftSi 
from one another ; these are the branchial arches. 

154. A similar hard bar of cartilage separating the spiracle' 
from the first gill cleft: this is the hyold arch. 

155. The relations of the branchial filaments to the bran- 
chial arches ; there is a set of filaments on both the anterior 
and posterior walls of all the gill cavities except the last, the 
posterior wall of which is devoid of filaments. Thus there 
are nine sets of filaments or half-gills in all, one of which 
occurs on the posterior face of the hyoid arch, and 
each face of each of the first four branchial arches, the fifth 
branchial arch being without filaments. 

XXXVIII. Carefully dissect away the mucous 

brane from the roof of the mouth j remove the 
dorsal ends of the gill arches or pharyngo-bran- 
chials ; and follow out 
15C. The efferent branchial arteries {Figs. 30 and' 
ai, e.6r. 1^9), of which there are nine, one for each demi- 
branch : after leaving the dorsal ends of the gills they unite 
vrith one another in pairs, that from the hyoidean demi- 
branch uniting with that from the anterior demibranch of 
the first branchial arch, that from the posterior demibranch 
of the first with that from the anterior demibranch of the 
second branchial arch, and so on. Four trunks are thus 
formed, the last of which receives the vessel from the 
posterior demibranch of the fourth branchial arch, and the 
first two of which soon unite with one another, so that there 
are now three main efferent branchial trunks on each 
side. These take a direction inwards and backwards. The 
most anterior of the three pairs unite with one another in 
the middle line and form a short trunk ; with this the next 
pair unite and produce a somewhat larger trunk, with which, 
finally, the third pair join. The longitudinal vessel thus 
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I formed by the union of the efferent brancliial trunks is tlie 
dorsal aorta (§ 157). 

The efferent brandiial arteries unite with one anothei in the nay 
described at their ventral cui veil as at theh dor.'^ ends tlius forming 
complete loopp, the spaces enclosed by which correspond to the bran- 
chial clefts. The two arteries of each complete gill are united with one 
Lanother by a cross branch et about the middle of their leogth : it ia 
r Olrough tills anastomotic branch of the la^t gill that the ninth efferent 
I arieiy {e.ir, g} pours its blood into the eighth. From the jimction of 
'le third and fourth and of the llfth and sixth arteries, stujrt anastomotic 
I branches go off to the hypobrancbial artery (§ 139)' 

157, The dorsal aorta (Figs, xo and ai, i/.ac), passing 
r.idong the ventral face of the vertebral column : it gives off, 
I just before being joined by the third pair of efferent branchial 
■ trunks, a large vesseffroni each side, which passes directiy 
I outwards to the pectoral fin ; this is the brachial or sub- 
Lclavian artery (Fig, zo, s.cl, ¥\g. 21, lir.a). The aorta 
kthen passes backwards in close contact with the veite- 
Ll:)ral column to the posterior extremity of the abdominal 
frcavity, giving off at about the level of the shoulder 
■girdle two large vessels, the cceliac (Fig. 20, an), and 
superior mesenteric (i.m) arteries (§§ 100 and 101), 
then the arteries to the oviducts (od) or epididymes, Sper- 
matic arteries {spm) to the testes or ovaries, a single 
inferior mesenteric artery {i.m}, (g loi), the numer- 
ous small renal arteries (r) to the kidneys, and vessels to 
the pelvic fins and the parietes of the body. At the end of 
the aljdominal cavity the dorsal aorta becomes the caudal 
artery (r), which passes through the hsemal arches of tlie 
caudal vertebne (Fig. 10, /la) to the end of the tail. 

Ij3, The caudal vein (Fig. 17, r), running parallel and ventral 

to the caudal artery : on leaving the hLcnial canal it divides into the tuo 

renal portal veins (rji), which pass to and ramify in the corre- 

ipondJDg kidneys (r/") receiving numerous veins {rff) from lhe< pelvic 

d lumbar regions. 
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159. The femoral veins (Fig. 17, Jni) bringing Ihe 
pelvic fins : each divides into two trunks : one, theilia-hi 
vein (il.K), passes at first backwards and inwards, then forwards 
along Ihe lateral surface of the rccluro and cloaca, and opening fitially 
into B posterior prolongalioQ of the cardinal sinus : the second of the 
two veins into which the femoral divides Li the epigastric vein 
('/*■) ; 't passes almost directly forward along the lateral wall of the 
abdominal cavity, receiving veins from the abdomitial waits (a£), and 
finally unites with the brachial vein {br). 

It will be seen from Fig. 17, that the brachial, epigastric and ilio- 
hxmorrhoidal veins really form one continuous trunk, opening anteriorly 
into tbe precaval, posteriorly Into the cardinal sinus, and receiving 
from the pectoral and pelvic fins, tbe abdominal walls, and tbe rectom 
and cloaca. The anterior portion of the epigastric should probably be 
considered as representing the mammary vein of mammals, the two 
being continuous instead of merely anastomc 

160. The common carotid artery (Kigf 20, c,c\ a small vessel 
springing from the efferent branchial vessel of llie hyoid arch 
passes somewhat inwards, and then directly fornards near t! 
edge of the base of the skull, sending a branch inwards — the intcmsl 
carotid artery (i.c) — which unites with its fellow of tbe oj 
to form an aiygos trunk which perforates the base of the skull and !■' 
distributed to the brain, especially to the pituitary body and 
vasculosus (g§ 175 and 177) : the external carotid (f.e) then passes' 
forwards and slightly outwards, and sends branches to the jaws, 
snout, &c. 

161. The vertebral artery (Fig. 20, fr), a small trunk arising from 
the first of the three efferent branchial trunks : it posses inwards nnd 
slightly forwards, perforates the base of the anterior vertebral plate 
{§ 3), and is distributed to the brain and spinal cord, on the ventral 
surface of which it forms, with its fellow, a plexus. 

l6z. A small hyoidean artery (Fig. zo, hy) given otf from the 
first efferent branchial : it passes to the dorsal side of the byomandi- 
bular and sends a branch to (he pseudobranchia. 

XXXIX. Remove two of the gills and make out, in 
one by dissection, in the other by transverse 
sections 
163. The cartilaginous branchial arch which supports 
the inner edge of the gill. 
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164. The fibrous partition continued from the ouler face 
1 1 of the branchinl arch, and supported by the cartilaginous 

branchial rays. 

165. The soft vascular branchial filaments covering 
both sides of the partition, to which they are firmly connected 
along almost their whole length, their outer extremities only 
being free. 

166. The afferent branchial artery, running along the outer face of 
the braDchial arch, in the mldiUu line : it is of considerable size at the 
ventral end of the gill, hut graduiily diminishea towards its dorsal 

167. Tlie efferent branchial artcrios, two trunlis smaller than tie 
afferent vessel, and running along the lateral edges of the arch, at the 
bases of the rows of (ilamenls. They are of considerable size at the 
dorsal end of the arch, and diminish somewhat towards its ventral 

S8. The thymus glands are eiposed by the removal of the gills : 
■ tish ijody, about an inch long, lying immediately dorsal 
b the pharyngo-brancliials, 



XL. It is advisable to take a fresh skate for the nervous 
system, at least unless the subject used for the 
foregoing work has been well preserved in strong 
spirit. The viscera, with the exception of the 
kidneys and vasa deferentia, may be removed at 
once. 
Expose the brain and anterior part of the spinal cord, 
as directed in § XV., p. 46. If a preserved brain is 
not available, the verification of the description of 
the ventral surface must be left until the origins of 
the nerves have been made out (§§ 179 — 189) when 
the brain may be removed. Observe the following :— 



the neund^H 
ction of thi^^^l 



i6g. The Bpinal cord (Fig. 22, my) lying in the 
canal of the vertebral column, and, at the junction 
latter with the skull, passing insensibly into (he brain. It is 
divided into a pair of dorsal and a pair of ventral 
columns by deep dorsal and ventral fissures, and 
is traversed through its centre by the minute central 
canal. 

170. The medulla oblongata or myelencephalon 
(Figs. 2z — 25, vi.o), the hindmost division of the brain : 
passing forwards from its junction with the spinal cord, it 
undergoes a gradual increase in diameter, and is produced 
dorsally, on each side, into a greatly convoluted body, the 
corpus restiforme (Fig. 22, c.r). Both dorsal and 
ventral surfaces of the medulla are marked with obscure 
median grooves, continuous respectively with the dorsal and 
ventral fissures of the spinal cord : the dorsal groove separates 
the dorsal pyramids, the ventral groove the ventral 
pyramids of the medulla. 

171. The cerebellum (Figs. 22, 24, 25, cb), a median 
structure, situated to the dorsal side of the myelencephalon, 
and composed of two distinct lobes, a posterior, having the 
form of an isosceles triangle with the apex directed back- 
wards, situated between the restiform bodies, and a squarish 
anterior, partly overlapping the optic lobes (§ 173). Both 
lobes are marked on the surface by ridges (gyri) with inter- 
vening depressions (sulci). 

173. A small transparent area behind the cerebellum 
(Mg. 22, V. 4), roofing over the fourth ventricle (§ 180). 

173. The mesencephalon {Figs. 22 — 15, o.l, c.c) con- 
sisting on the ui)per surface of the two optic lobes 
(o./), ovoidal bodies, lying just in front of, and partly 
overlapped by the cerebellum. The under surface of the 
mesencephalon is formed by the crura cerebri (^,c). 
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. ihown only un the 
olfactory lobe is uiit ahoun. 

Central Nervous System, nty, spinal cord: m.o, medulla 
jblongata : a, 4, fourth ventricle -. c.r, curpora reslifomiia ; eb, cerc- 
bellum : o.l, nplic lobes: th, thulameaccphalon : [, ^, prosencephalon : 
elf, olfactory lobes. 

" Es. /, olfactory: //. optic: HI, oculomotor i i.r, branch of 

lur to inlernal rectus ; s.r, to superior rectus : it.r, to in- 
1 inferior obliquf: //, [^alhcticus: J"°, dtjrsnl. 




and y'\ ventral ramus of f" orbilo-nasal nerve : f", palato-nlsil 
nerve : y*', maxillary nerve : f 3, mandibular nerve : y/J^, polalii 
branch of portio dnra; l'//^, hyomandibular branch : ' . ' 
tynipaai ; V///, auditory nerve : /X, gloBsopliiiryngeal nerve ; X, vagus : 
Ay, branch of glos opbaryngeal to hyoid arci ; ir. t, branches of 
gloBSopharyngeai aaid vagus to is! branchiaj arch : ir. 2, ir. 3, ir. 4, 
branches of vagus to 2iid, 3rd, and 4th branchial arches : v, ventral 
{gs.-'tric and cardiac) branch of vagui ; /, lateral branch of vagus 
brachial plexus. 



forward continuations of the ventral pyramids of the] 
medulla oblongata. 

174. The thalamencephalon (Figs. 22, 24, 25, M), 
small division of the brain just anterior to the optic lobes ; 
it consists of t^vo lateral masses of nervous matter, 
thalami optici, between which is a space, covered only 
by pia mater, the thalatnococle or third ventricle (zi. 3), 

175. The lobi inferiores (Figs. 23 — 25- ''■') paired 
ovoidal bodies on the under surface of the thalamencephaloa 

176. Tlie pituitary body or hypophysis cerebri 
(Figs. 23 — 35, />i), a rounded structure on the ventral 
siu'face of the brain, behind the lobi inferiores and attached 
to a backward prolongation of the thalamencephalon called 
the iiifundibulum ; with it is connected anteriorly the 
median artery formed by the union of the two internal 
carotids {§ i6a), 

177. The saccus vasculosus (Figs. 23 — 25,^.1', s.z^. 
a thin-walled hollow body, consisting of three lobes, two 
large and paired, situated one on either side between the 
pituitary body and the lobi inferiores, and a median azygos 
lobe lying in the groove between the lobi inferiores. 

173, The prosencephalon (Figs, 22 — 25, ^.A), a large 
transversely elongated mass, in front of the thalamen- 
cephalon and representing the fused cerebral hemispheres. 

179. The olfactory lobes (Figs, za — 25, /), two long, 
nerve-like bodies, given off from the an tero -lateral angl 
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lOf the prosencephalon, and passing forwards and slightly 
loutwards to the olfactory foramina (g 32). Their further 
[ course will he seen at a later stage (§ ao6). 

). By lifting up or removing the cerebellum, the 
whole extent of the fourth ventricle or myeloccele 
(Figs. 12 and 24, v. 4) is seen : viewed from above it has a 
triangular shape, the base being forwards, and the apex 
(calamus scriptorius) backwards, as already seen. 




Fig. 13. — Raja batis. Tlie brain from Ltiiicath (half oat. size). 
Only the praxinial portions of the olfiictory lobes ore sboim. 
«.ff, medulla oblongata : //, pilailary body : j.k, saccns vasculosus : 
u.^ lobi inferiores : 1.1', intem:il carotid artery : o-c, optic chiasmn : c.h, 
cephilon : / — X, cerebral nerves. 

181. By carefully cutting away the optic lobes, the fourth 
ventricle is seen to be continuous with a cavity in the 
mesencephalon, the aqueduct of Sylvius or mcsoccele 
(Fig. 24, m/. j), which sends lateral prolongations into the 
optic lobes. Anteriorly the mesocosle is seen to be con- 
tinuous with the thalaraoccele (;'. 3). 

i8a. By cutting into the prosencephalon, it is seen to be 
solid, lateral ventricles (prosocceles) being absent. 

183. From the under surface of the thalamencephalon 
.arise the two large optic (second cerebral) nerves (Figs. 22, 



mk 



Z3i and 25, //) : their proKimal ends are fused together to 
fomi an optic chiasma (l-ig. 23, y.c). Each nerve 
passes outB-ards and forwards to the corresponding optic 






Fig. 14. — ^Raja bstis. i-gosiLUdinal verttcal section of the Ijraia 
(half nat, ^he). 

m.a, medulla oblongata : f. 4, fourtt venttide ; ih, cerebellum : 
c.c, crus cerebri ; a.l, optic lobe : at/.i, aquedui:t of Sylvius : t/i, 
IhalamencephaloQ : v. 3, third ventricle: l.i, lofaus inferior: c.h, 
proseDcepmdon. 

184. The third pair of nerves (oculomotores, Figs. 22, 
23, 25, ///), arising one on either side of tlie base of the 
brain from the crura cerebri, a httle behind the lobi infe- 
riores, and passing outwards and forwards lo their foramina 
in the side walls of the skull (§ 30). 






Fic. as .—Raja balis. Side view of the brain (half nal. biie). 

m,o, mednlla oblongata: ri, cerehellum : i.c, internal carotid arteiy : 
oJ, oplic \o\>e: ft, pituitary body: s.v, s.t/, saccns vasculosus r I'l, 
Ihnlamcncepbalon : e.h, prosencephalon ; I—X, terebrnl nerves. 

185. The fourth pair of nerves (pathetici, Figs. 22, 23, 
25, //'), delicate threads which proceed from beneath the 
antero-lateral regions of the cerebeUum, outwards and 
forwards to their foramina in the side walls of the skull 
(S 3«)- 




THE SKATE. 



86. Two large bundles of nerves proceeding one from 
I either side of chi:: medulla oblongata, bcoQatli the restiforra 



Fig. a6.— Raja nasuta. Esteroal view of the roots of the 5th, 7th, 
and 8lh cerebral uerres of (he left side (nat. size). 

f', f»', veiiLnil or anterior roots of the trigeminal: Jt, dorsal or 
posterior root of [he same : I'lT, VIl', roots of Ihe portio dura ! VIII, 
root of the auditory nerve. 

bodies. Each bundle is seen to consist of an anterior 
smaller and a posterior larg^jr fasciculus. The former (Figs. 
23, ?6, and 27 T") goes to form the inferior ramus of the 




1. The principal branches of Ihe slli, 7th, a 



Fio, 27.— Raja 
b'&h cerebml nerves inat. siiej. 

V; ventral and y\ dorsal root of the fifth : f", dorsal, and V'-\ 
[(lentrflliamas of the orbilo-nasal nerve: f"*, palato-nasal nerve : V"", 
fc'DiaxiUary nerve ■. V\ mnndibular nerve : pt.qa, nerve to upper jaw . 
K«a, nerves to the refiion of the nostrils ; I'll, portio dura : VIII, 
Msditoiy nerve. 

rst division of the fifth nerve, and the main part of its 
Jthird division, besides contributing fibres to the second 




division : the latter ( y", VII, VIIT) contains the remainder 
of the fifth, the seventh, and the eighth n 

The fifth, seventh, and eighth Derves arise oltogetlie 
Two of these, a smaller dorsal (Fig. 26, V-') and a larger ventral W*) 
go to form the ajiterlor fa^iiciilm already mentioned, both iirising ^ 
laterally from the medulla. The five roots forming the posterior fasci- 
culus divide naturally into an anterior and a posterior set. The anterior 
set consists of two roots, a dorsal ( VII) And a ventral ( VII\ together 
farming the seventh nerve : the posterior set consists of three roots, a 
dorsal {F'''), arising aJongu'ith the dorsal root of the seventh, and two 
ventral, arising close together ; the uppermost ventral root unites 
immediately with the dorsal root to form the remainder of the fifth 
nerve (r^) : the lowermost ventral root {VIII) constitutes the eighth 

187. The sixth pair (abducentes, Figs. 22 and 23, VI') 
arise from the under surface of the medulla oblongata, 
internal to the eighth. They are very fine nerves, and are 
easily detached with the pia mater. 

1S8. The ninth pair (glossopharyngei, Figs. 22, 23, 
25, IX), a small pair arising from the sides of the medulla 
oblongata, and passing outwards and forwards to enter the au- 
ditory capsule at aboat the centre of its inner surface {§ 33), 

189. The tenth pair (vagi or pneu mo gastric i, Figs. 22, 
23, 25, X), arise by several roots from the lateral regions 
of the hinder part of the medulla oblongata, and pass out- 
wards and backwards to leave the cranial cavity by-a foramen 
in the posterior part of the inner surface of the auditory 
capsule (§ 33). 

XLl. Remove the skin from the dorsal surface of the 
head, on both sides of the cranial cavity, and by 
carefully dissecting away the connective tissue 
from the eye and surrounding parts, make out 

19Q. The dorsal ramus of the orbito-nasal nerve (first 
division of the fifth, Figs. 32 and 27, f ') lying close 
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against the outer side of the skull wall, and spriDging from 
the posterior dorsal root mentioned in § 1S6. 
fr'igi. The superior oblique muscle of the eye, passing 
from its origin at llie anlerior part of the skull wall to its 
insertion in the ant ero- superior region of the eye-ball, 
^92. The superior rectus muscle, arising from the 
skull wall, a little'in front of the auditory capsule, and 
passing to its insertion on the postero-superior region of the 
eye-ball. 

193. The internal rectus, arising immediately in front 
of the superior rectus and passing to the front part of the 
eye-ball, beneath the superior oblique. 

194. The external rectus, arising just behind the 
superior rectus and passing almost directly outwards to the 
posterior region of the cye-ball. 

195. The fourth nerve (Fig. 22, IV), leaving the skull 
[ by its numerous foramina, and spreading out in a fan-like 

manner on the dorsal surface of the superior oblique 
Biuscle. 

196. The third nerve (Fig. 22, J7I), which, after leav- 
g the skull, sends branches to the superior (s.r) and 

Jinternal (i.r) recti, and then curves round the posterior 
; of the former : its further course will be seen at a 
~ later stage (§ 203). 

197. The sixth nerve (Fig. 23, VJ), leaving the skull 
along with the fifth and seventh, and being distributed to 

\ the external rectus muscle. 

XLII. Remove the superior oblique and the superior 
and external recti. Make out 
[98. The ventral ramus of the orbito-nasal nerve 
I (Figs. 2 3 and 27, K'") springing from the anlerior fasciculus 
I mentioned in § 1 86 : after leaving the skull by the trigeminal 
I foramen, it passes over the external rectus, under the 
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superior and internal recti, over tlic peduncle of the eye 
(5 3oo) and the optic nerve (5 199), under the superior 
oblique, and finally unites with the dorsal ramus as 
perforates the nasal capsule (§ 205). 

199. The Optic nerve (Fig. 22, //), which, after leaving 
the skull, passes almost directly outwards to the hinder 
region of the eye-ball. Its extra-cranial portion is invested 
with a strongly pigmented sheath. 

200. The ophthalmic peduncle, an irregular stalk of 
cartilage, articulated at its proximal end with the skull wall 
behind the optic foramen, and at its distal end with a knob 
on the sclerotic coat of the eye. 

201. The inferior oblique muscle of the eye, tunning 
parallel with the superior oblique, to the antero -inferior 
region of the eye, 

202. The inferior rectus, arising with the other rei 
and passing parallel with the superior rectus to its insertion 
on the inferior region of the sclerotic. 

203. The remaining course of the third nerve (Fig. i 
111): after curving round the superior rectus, it pasi 
forwards and sends branches to the inferior rectus {it.r) and 
inferior oblique {/,c}. 

XLIII. Remove successive slices from the nasal cap- 
sule, until the following structures are brought into 
view. 
304. The strongly pigmented nasal sac, filling up t 
cavity of the nasal capsule. 

205, The orbito-nasal nerve {Fig. 22, f") which, just 
before the junction of its two rami, enters the nasal capsule, 
and divides into two branches, a large one which passes 
along the outer edge of the rostrum, and a small one, 
which passes outwards and forwards over the roof of the 
nasal sac. 
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206. The distal ends of the olfactory lobes {Fig. 22, a//), 
each forming a slightly convex white band on the dorsal 
surface of the corresponding nasal sac. 

XLIV. Remove one of the nasal sacs, and note 

207. Its cup-like form, the cavity being open below. 

208. The ridges into which its lining of mucous mem- 
brane is raised r they are arranged in two rows at right 
angles to a central ridge. 

XLV. Remove the eye with its remaining muscles, and 
set it aside for folure examination.' Dissect out 
aog. The second division of the fifth nerve (Figs, zzandzy, 
F'), arising mainly from the posterior fasciculus mentioned 
in § i85, but also receiving fibres from the anterior fascicu- 
lus ; it passes forwards and slightly outwards, and divides 
into two chief branches, an internal, the palato-nasal 
nerve ( V) and an external, the maxillary nerve { V"") 
the former passing directly forwards alongside the cranial 
and beneath the eye muscles, and the latter passing 
ratwards and forwards towards the antorbital cartilage 

;8 35). 

o. The third division of the fifth, or mandibular 
lervc (F^), arising mainly from the anterior, but receiving 
:bres from the posterior fasciculus : it runs parallel with the 
trunk of the second division as far as the bifurcation 
of the latter, and then takes a course internal to and nearly 
parallel witli the maxillary nerve. 

The three diviMons of ihe fifth nerve supply between them all the 
ir pirC of the hcttd ; the orbilo-no.'ial goes to the dorsal region of 
strum and nosnl capsule, and to Che gelatinous tissue in thdr 
leighbouthood : Ihe palato-mtaol to the veDtml region of the ss 
IS well as to the fronto-niUial process and ihe nostrils ; 
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\e eye must be dLisected in the fresh condition : for directions » 
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fibres to the upper jiw : the main part of the mandibular nerve goes tO' I 
(he sensory tubes in front of the antorbiul cartilage: the mandibular I 
goes to the lower jaw (outer gide), but also sends a large branch Ii 
upper jaw. There is, however, endless variation in the distribution of J 
these nerves. 

XLVr. Carefully slice away the cartilage forming the 
roof of the auditory capsule, taking care not to 
injure the membranous labyrinth (§ 213); dissect 
away the connective tissue, &c., from the hyo- 
mandibular, and the muscles on the floor of the 
orbit, making out 
211. The hyomandibular nerve, or posterior branch 
of the seventh (Fig. 22, V/I^): after leaving the cranial 
cavity it curves round the anterior border of the auditory 
capsule, and passes almost directly outwards, over the 
hyomandibular cartilage and behind the jaw muscles, break- 
ing up at last into a number of fibres which are distributed 
to the large sensory tubes situated in front of the gills. As 
the hyomandibular nerve passes the jaw muscles, it gives off 
two small branches {c.ly), which represent the chorda 
tympani of the higher animals, and are distributed to the 
inner surface of the lower jaw. 

2IZ, The palatine nerve (Fig. 2a, VIJ% or anterior 
division of the seventh, which separates from the common 
root of the seventh soon after its exit from the skull, passes 
in front of the spiracle, and breaks up into a number of 
branches, some of which are distributed to the mucous 
membrane of tbe mouth and others to the pseudobranchia. 
213. The membranous labyrinth (Fig. 28) or 
internal ear, a delicate apparatus enclosed within the auditory 
capsule, and consisting of a large sac or vestibule (v), 
and three semicircular canals, one of which is anterior 
and vertical {a.s.c), another posterior and vertical {p.s.c), and 
the third horizontal {li.s.c). 
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The vestibule is a rounded sac with two small diverticula, containing 
ut otolithic maas which cotisists of minnte calcareons particles bound 
together by gelatinous connective tissue 1 from its dorsal surface pro- 
ceeds a canal, the aqueductuB vestibuli (a^./), wbieh passes through 
the roof uf the auditory capsule, and dilates between the latter and the 
eitemal Interment into a small sac, lined with strongly pigmented 
epithelium ; this opens on the surface of the head by a minute aperture. 
The ''"nnlc form nearly complete circles, the posterior being the largest of 
flie three. Each is dilated at one part of its course into an ampulla (a). 
The posterior canal communicates with the vestibule in an unusual 

tnanner, namely by a short distinct tube (j). 
1 




I 



S. — Raja batis. The rigfat membranous labyrinth, s 
the outer side {nat. size). 

V, vestibuie : af,/, aqueductua veslibnli ; a.s.c, anterioi 
posterior, and i.s,c, honzontal semicircular canals : a,a,a, s 
X, side tabulars by which (he pOFterior c: 
(cstibule : »,«,», branches of auditory nei 






i 



XLVII. Clear away the skin and muscles from the 
dorsal surface of tlie anterior vertebral plate and 
from that of the gills. Dissect out 
4. The vagus or tenth nerve (Fig. 23, X), which, after 
leaving the skull by the vagus foramen, passes directly back- 
wariJs between the inner boundaries of the gills and the 
lateral ridge of the anterior vertebral plate, giving off the 
branchial nerves as it goes, to Ihe front edge of the pro- 
pteryi^m, where it divides into two chief branches, a ventral 
branch (X,v), to the stomach and heart, and a lateral branch 
{X,/), which passes between the peritoneum and dorsal 



muscles, on the dorsal side of tiie spinal nerves (§ aaa)., 
The branchial nerves (^r, a — 5) are four in number, and 
are given off opposite the four posterior gill clefts. Each 
one, soon after leaving the vagus divides into two branches, 
one of which goes to the posterior face of the gill in front of 
the cleft to which it belongs, the other to the anterior face of 
the gill next behind. In this way all the gill filaments 
except those on the posterior face of the hyoid and those on 
the anterior face of the first branchial arch {first and second 
demibranchs) are supplied. 

.iz$. The glossopharyngeal or ninth nerve (Fig. aa, 
/X)f seen emerging from its foramen, in front of the anterior 
branchial branch of the vagus : it divides above the first gill 
cleft and supplies the hyoid half-gill and the anterior half- 
gill of the first branchial arch {Ay, &r.i). 

a 1 6. The brachial plexus (Fig. a 2, if), lying in the 
depression between the median and lateral ridges of the 
anterior vertebral plate, and formed by the convergence and 
subsequent union of the first sixteen or eighteen spinal 
nerves: the common trunk thus formed turns round the 
posterior edge of the lateral ridge, and passes outwards 
behind the propterygium to the pectoral fin. Each spinal 
nerve arises by two roots, a dorsal (Fig. 11, d.r) and a 
ventral (v.r), the former having a ganglionic enlargement ; 
the two pass separately through the wall of the neural canal 
(see §§ 8, 10) and unite outside it in the trunk (fr) of the 

XLVIII. Remove carefully the greater part of the 
membranous labyrinth, cut away the walls of the 
auditory capsule, and make out 
ai;. The auditory or eighth nerve (Fig. aa, T///), 
entering the capsule at its anterior end through the in- 
ternal auditory meatus, and passing backwards, sends olT 
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branches to the vestibule and ampullffi of the semicircular 
canals {Fig. 28, ti). 

218. The course of the nintli nerve through the capsule 
(Fig. 3z, IX): it enters the latter by an aperture in about 
the middle of its anterior wall, passes backwards and out- 
wards cearly parallel with the eighth and leaves the capsule 
in its postero-extemal region by an aperture already noticed 
in the skull (g 25). 

219. The course of the vagus through the auditory 
capsule (Fig, 22, X): leaving the cranial cavity it passes 
through a canal excavated in the postero-Jntemal wall of the 
capsule, the outer end of the canal being the vagus foramen 
(see S§ 24, 33). 

I XLXX. Place the fi&h in ibe supine position, tind tltc large 

L ^yTap.atbetic ganglion mentioned in g 150, and trace buclc 

W Z20. The Gympathetic nerve, \s'bich consisti of a longitudinal cord 

00 each ^ide of the vertebral column, presenting ganglia at intervals, 

and connected by lami commumcantes to the spinal nerves. Aa 

already inentioned, the adrenals or snpra-renal bodies are in itilimate 

n with the sympathetic ganglia. 

L. Dissect away the kidneys and the peritoneum 
from the dorsal wail of the abdommal cavity, 
and note 
121. The spinal nerves, passing lo the body walls and 
\t fins ; many of them converge, and exhibit a tendency to the 
liifijrmation of plexuses. 

. The lateral branch of the pneumc^astric (Fig, 32, 
S^/), a longitudinal nerve, lying to the dorsal side of the 
Ipinal nerves, 

LI. Make a longitudinal vertical section of a brain 
hardened in spirit, and note 
!23. The relations of the various divisions of the brain 
llready seen, and of the cavilits they contain (Fig. 2^) : the 




, from the ^M 
I the central ^1 
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latter aie seen to form a continuous series, 
niyeloccele (v. 4), which is continued behind into the • 
canal of the spinal cord, through the mesoccele {"f.s) to the 
thalaraocosle (z'. 3). The latter ii further seen to send a 
small prolongation forwards into the otherwise solid pros- 
encephalon, and another downwards and backwards into the 
infundibulum. 

LII. Make out the chief structures in the eye, first 
viewing from the oulside,then removing successively 
the sclerotic (§ 224), choroid (§ 225) and retina 
(g 227) from the flattened dorsal surface. 
224. The cartilaginous sclerotic or outer covering of the 
eye-ball : externally it passes into the transparent fibrous 
cornea, which is the part exposed to view in the entire 
animal : internally, the sclerotic is pierced by a small aperture 
for the passage of the optic nerve, and is raised into a knob- 
like prominence for articulation with the ophthalmic 
peduncle (§ 200). 

£25, The black choroid Iming the sclerotic: at the 
junction of the latter with the cornea, it passes into the iris, 
the coloured (yellow and black) part of the eye, seen fronti 
the outside through the transparent cornea. The iris is 
pierced by a central aperture, the pupil, the upper margin 
of which is produced into a sort of curtain, divided at 
its free edge into several processes. ISetween the iris 
and the cornea is a space, the anterior chamber 
of the eye, filled with a watery fluid, the aqueous 
humour, 

226. The crystalline lens, a nearly globular transparent 
body, situated immediately behind the iris. 

227. The retina, a delicate, greyish-while membrane, 
lying immediately within the choroid, from which it is 
readily detached except at the place of entrance of the optic 
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nerve. Externally (i>. towards the cornea) it ends at the 
junction of the choroid and iris. 

228. The vitreous humour, a gelatinous substance, fill- 
ing the whole posterior chamber of the eye, or space 
enclosed between the retina and the inner surface of the 
lens and iris. 



THE COD. 

The Codfish (Gadus morrhud). 
The Whiting {G. merlangus). 
The Haddock {G, ceglefinus).^ 

A.— THE SKELETON. 

L A cod's skeleton is readily prepared by placing the 
fish, after removal of the viscera, into boiling 
water for a few minutes, and thus stripping off 
the flesh and other soft parts. By this process the 
bones are obtained separate from one another, 
with the exception of those forming the brain- case, 
the high temperature causing gelatinization of the 
connective tissue which unites them. The bones 
should be removed one by one and placed out in 
order, to dry, each being as far as possible identi- 
fied and its relations to surrounding bones deter- 
mined before removal. As this is a matter of 
considerable difficulty in the case of the bones of 
the head, it is advisable to prepare a second skull 

^ These are the three commonest species of the genus Gadus brought 
to the English markets : the diflferences between them are comparatively 
unimportant (see §§ 8, i8, 19, 72, 80, 85). 
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by carefully dissecting away the muscles, &c., 
while fresh, without either boiling or maceration, 
the bones being kept together in their natural 
position by their ligaments. Of this skull it is as 
well to make a longitudinal vertical section by 
sawing through the brain-case a little to one side 
of the middle line and cutting through the roandi- 
bularandhyoidean symphyses (§§51 and 52) ; from 
the worst side, the jaw apparatus should be removed 
from the brain-case by disarticulating the palatine 
(g 46, Fig. J9, pa) and the hyomandibular (§ 40, 
Fig. 29, hni). In the first skull the bones of the 
brain-case may be separated from one another by 
boiUng for a considerable time and then gently 
pulling them asunder. 

It is advisable to examine the second or entire skull 
before drying, so as to see its cartilaginous 
portions (§§ 47, 49,&c.).i 

II. In the skeleton as a whole note the following 

. The vertebral column, consisting of (a) trunk 
I vertebrs, bearing movable ribs which do not unite 

' Owing to the email amount of cartilage left in llie adult cod's skull, 
the banner will find some difficnlty in seeing lie relation lietu'een it 
and that of tlie f^kate. A u'eful inlcruicdiale type is furnished by the 
salmon or trout, in wbicli there is ii cixrtilnginous bi^in-case, ijutte 
readily compaiable with thai of the sknte but containing the occipital 
and otic bones, basi- and pre-sphenold, as endt^enous oasificationa : the 
remaining; homolt^ucs of the bones of the cod's brain-ease (parietals, 
fronlals, parasphcnoid, vomer, &c.) are seen to be membrane-bones, 
easily detachable without injury to the c-urtilage {see Parker and 
Bettany, Merpholagy of the Skull, p. 66). The shull of Ihe salmon 
or iront should tie prepared like that of the cod, tiy boiling ; the brain- 
cose, Meckel's cartilages, &c, may be preserved by Ihe glycerine jelly 
—jpcocess, described on p. 3, 




below, aad {b) caudal vertebrae, with complete 
arches. 

2. The skull, consisting of (a) the brain-case, formed 
of a number of bones firmly united by suture : (h) a 
ber of more or less loosely attached bones, in relation 
with the brain-case, and constituting the skeleton of the 
upper and lower jaws and suspensorium, the hyoidean ap- 
paratus or tongue-bones, and the gill-covers ; and (c) the 
branchial arches or bony framework which supports 
tiie gills. 

3. The bones of the median fins, namely, the three 
dorsal fins, the two anal fins, and the caudal fin 
(see § 94). 

4. The bones of the pectoral fins, or fore-limbs, and 
of the shoulder girdle to which they are attached 
(S 95)- 

5. The bones of the pelvic fins, or hind-limbs, and 
of the hip-girdle to which they are attached (§ 96). 

in. Examine a vertebra from about the middle of the 
trunk region, and make out 

6. The centrum or body of the vertebra, a short bony 
cylinder with deeply concave anterior and posterior ends ; 
the bi-convex spaces between adjacent centra are filled in the 
recent state by a gelatinous substance, the remains of the 
embryonic notochord. 

7. The neural processes, two plates arising vertically 
one from each side of the upper surface of the centrum, 
near its anterior end, and uniting with one another to form 
the neural arch, from the vertex of which the long slender 
neural spine springs and takes a direction upwards and 
slightly backwards. From the anterior edge of each neural 
process a somewhat triangular projection is continued 
forwards, and answers to the anterior zygapophysia of 
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le higher vertebrata ; there is no true posterior zygapophy- 
sis, but from the hinder end of the centrum arises on each 
side a small vertical process, which fits outside the anterior 
zygapophysis of the vertebra next behind. 

8. The transverse processes, large outstanding 
plates of bone, which spring one from each side of the 
centmiD, and pass outwards, downwards, and backwards. 



IV, In the rest of the trunk region, the following are 
the chief points lo he verified : — 
). In the first vertebra or atlas the centrum is very 
short from before backwards, the neural spine is vertical, 
iverse processes are absent, and the anterior zyga- 
pophyses are very large and come into relation with the 
posterior part of the skull (exoccipital bone, § 22) ; im- 
mediately beneath each zygapophysis is a small articular 
facet for articulation with a corresponding facet on the 
exoccipital. The union between the skull and the atlas is 
thus much more intimate than that between any two 
vertebra, and in consequence the atlas is, in preparation, 
often left attached to the skull. 

110. In the next three or four vertebras a gradual transition 
is seen between the characters of the atlas and those of 
the typical trunk vertebra described in §§ 6^8. 
II. The transverse processes in the anterior part of the 
trunk region look almost directly outwards ; proceeding 
towards tlie caudal region, they gradually increase in size 
and come to look more and more downwards and back- 
wards, until in the last trunk vertebra they nearly meeL 
1 z. Between the ventral or proximal ends of contiguous 
neural arches, spaces are left: theseare the intervertebral 
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foramina ; they serve for the transmission of the spinal 

13. The ribs, slender, flattened bones, articulated to the 
distal ends of the transverse processes and curving outwards 
and downwards, 

14. The inter-muscular bones, shorter and slenderer 
than the ribs, but otherwise resembling them : they are articu- 
lated one to each transverse process on its dorsal side 
and a short distance from its distal end, and curve upwards 
and outwards. 

V. In the caudal vertebne note 

15. The hsemal arch, formed by the union in the 
middle ventral line of two haemal processes, springing one 
from each side of the ventral surface of the centrum near 
its anterior end ; from the point of union a hsmal spine is 
given off and passes downwards and backwards. The 
hffimal processes give rise to anterior zygapophyses like those 
on the neural arches, and similarly articulating with small 
processes from the centrum of the vertebra next in front, 

16. In the anterior caudal region the hsmal are very much 
larger than the neiual arches, but passing back the former 
diminish progressively until there is no difference of import- 
ance, either in the size of the arches or the length of 
the spines, between the neural and hiemal aspects of the 
vertebrffi. 

17. Following the last undoubted caudal vertebra is the 
small fan-shaped hypural bone, which together with the 
somewhat flattened posterior neural and hsemal spines 
supports the tail-fin. 

VI. In the median fins make out 

18. The interspinous bones of the dorsal and anal 
fins, alternating with the neural and h^mal spines respec- 
tively, and attached to them by fibrous tissue. 
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^^M Id the Whiting the anterior aiml lin extends in front o( the caudal 
^^1 regioa, so that most of it^ interspinous bones are unconnected with the 
^^B veitebrie and lie free amongst the muscles. 

^H 19. The fin-rays, attached, in the case of the dorsal and 
^^ anal fins, at their proximal ends to the interspinous bones, 
and forming the actual skeleton of the fins ; each is a deli- 
cate, rod-like bone, transversely jointed and flexible at its 
distal end (" soft fin-rays "). In the caudal fin the fin-rays 
come into direct relation with the hypural bone and the 
posterior neural and htemal spines. 

In the Codfish tliere are 13 rays to the first dorsal fin, 16 to I9 to 

the second, 17—1910 the third, iB — ig to the first anal, and 17 — tS to 

the second. The formula for the fin rays is therefore, D. 13 | 16 — 19 | 

L 17— 19, A. 18— 19 I 17—19. In the Haddock the formula is D. 

»t4 — 16 I zo — 24 I 19 — II, A. 24 — 25 I i\~2Z ; and in the Whiting 

13— 14 I 20-23 I 20— 21. A. 33-35 I 22— 24. 

VII. In the brain-case make out the foUowitig points 1 — 
!0. The single concave occipital condyle, for articu- 
lation with the centrum of the atlas : it is llie hinder face 
Wof the basi-occtpital bone (Fig, 29, b.o), which forms the 
Iposteriorpart of the base of the skull, ending in front by a 
agged edge. 
The foramen magnum or occipital foramen, a 
I large aperture immediately above the occipital condyle, for 
■■the passage of the spinal cord into the brain, 

. The ex-occipitats {e.a), two irregular bones forming 
the lateral boundaries of the foramen magnum and articu- 
lating below with the dorsolateral edges of the basi-occipital. 
Each ex-occipital is perforated by an aperture for the exit of 

I the vagus nerve, and ptesents on its posterior border an arti- 
cular facet for the corresponding surface already seen on the 
neural arch of the atlas (§ 9). 
23. The supra-occipital {s.o), a large bone boundint; 




KiG. 29. — Gadua morrbua. The bones of Ihe skull, disarticulated 
and viewed from Ihe left side {j iial. size). 

al.i, alisphenoid : an, angular : or, articular : i.(i, basioccipital 
br.-^, branch iostegal rays r r.hy, cerato-hj^al ; d, denlary : e.o, en 
occipital : 'f.hy, epihyal : ^.o, epiolic : fr. frontal .■ k.hy, hypohyal 
km, hyommdibular : i.hy, interhyal ; {.of, inter-opercolar : h, lachry- 
mal : mie, raesethmoid : m.fJ, metapterygoid : ms.ft, mesopterygoid 
mx, maxilla : Ha, nasal : of, opercular : 11^.0, opiElhotic: /, parietal 
fut-s, parajhphenoid : p.e, parelhmoid : fa, palatine : f.mx, premoxitla 
/.»/, preopercular 1 fr.a, prootic ; ft, pterj^nid : ft.a, plerotic ; fu, 
quadrate : s.o, supraoccipital : s.of, subopercular : s,or, suborbitals ; 
W.ff, Bphenotic : sy, sympfectic : u.Ay, urobyal : w, vomer ; x, articular 
lacet oa parethmoid : x, articular ^eC on palatine : y, articular facet 
on sphenotic and pterotic ; y, articular facet do hyomandibnlar. 
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foramea magnum above, and produced dorsally into a 
tedian, laterally-compressed crest, the occipital spine. 
The b.isi-, ex-, and supra-occipitols together form the 
occipital segment of the skull. 

34. EKternall)' to the ocdpiiai region, the brain-case is 
produced on either side into a large out-standing mass, the 
auditory capsule, which presents above two well-marked 
processes — an inner, the epiotic process, short and sub- 
tetrahedral in form ; and an outer, the parotic process, 
which is long, and projects backwards and outwards. The 
median occipital spine and the paired epiotic and parotic 
irocesses form the five projections wliich are so marked a 
,ture iti the postero-doraal region of the skull. 

The epiotic process forms nearly the whole of the 
small epiotic bone (ep.o), the postero-intemal ossification 
of the auditory capsule. 

a6. The parotic process is constituted by two bones, 

rhich are seen to meet in an irregular suture on its outer 

irface. Tlie uppermost of these is the pterotic {pl-o), 

postero-dorsal ossification of the auditory capsule, the 

er the opisthotic {op.o), or postero -ventral ossification : 

latter articulates behind with the ex-occipital, and 

below with ihe basi-occipital, and is perforated near its 

isterior border by a foramen for the exit of the glosso- 

iharyngeal nerve. 

The prootic (pr.o), a large bone, articulating behind 
with the opisthotic and forming the an tero- ventral ossifi- 
cation of the auditory capsule ; its anterior border is 
deeply notched for the passage of the fifth and seventh 
cerebral nerves. 

38. The sphenotic (sj/.a), the antero-dorsal ossification 
of the auditory capsule, a large, irregular bone, articulating 
ibehind with the pterolic and below with the prootic, 
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ag. A large articular surface (y) on the side wall of 
the auditory capsule, formeii in front by the sphenotit 
behind by the pterotic ; it is covered with cartilagi 
recent state and gives articulation to the hyomandibi 
(§ 4o}- 

30. The frontals (//■) united with one another in the 
middle line into a single large shield-shaped bone which 
forma the greater part of the roof of the brain-case, articu- 
lating behind with the supra-occipital in the middle lu 
and with the sphenotics externally. 

31. The parictals (p), two flat bones, completing 
roofing-in of the brain-case, being wedged in, one on either 
side, between the supra -occipital interoaliy, the sphenotic 
and pterotic externally, the frontal in front and the epiotic 
behind. On the dorsal surface of the parietal is a spine-like 
process, beneath which is a foramen for the exit of the 
cutaneous branch of the fifth nerve {§ 98}. 

32. The alisphenoids (aU), two small bones, situated 
in the side walls of the brain-case, and arliculatiog with the 
prootic behind and below, and the frontal and sphenotic 

33. The parasphenoid (pa.s), a iong, stout, median 
bone, forming the greater part of the base of the skull : 
posteriorly it widens out, underlaps the basi-occipital and 
articulates with tlie prootics : both in front and behind it 
thins out considerably and ends in a jagged edge. 

34. The vomer (zw), a median bone, forming the 
anterior part of the base of the skull ; it ends in front in a 
strong transversely curved edge, beset with tcelh on its 
lower surface (§ 161), posteriorly it is pointed and under- 
laps the parasphenoid. 

35. The mesethmoid (m.e), a median bone situated 
immediately above the vomer : it is truncated in front, 
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ids off backwards a long process which fits into a deep 
the frontals. 

36. The parethmoids (p.e), irregular paired bones 
forming large lateral projections at the anterior end of the 
brain-case, representing ossifications of the olfactory capsules. 

ich presents on its outer surface an articular cavity {x) for 
palatine (§ 46). 

37. A vacuity on each side between the mesethnioid, 
the parethmoid, and the frontal, and serving to lodge the 
nasal sac (§ 180). 

38. The absence of side walla to the skull except in the 
olfactory and auditor)' regions. 

39. A longitudinal section shows that in the dried skull 
there is free communication between the cavity for the brain 

id those for the auditory organs. 

VIII. In each side of the upper jaw and suspenso- 
rium make out 

40. The hyomandibular {/im), a large bone articulat- 
with the facet (j) afforded by the sphenotic and pterotic 
a prominent rounded head {y') : it sends off a long 

'backward process for articulation with the opercular, 
and presents on its outer surface a prominent, down- 
wardly directed ridge serving for muscular atiachmenis, 
and perforated anteriorly by two foramina for the seventh 
nerve. At its lower end the hyomandibular ends in 
front in a jagged triangular process, behind in a straight 
Sdge. 

. The symplectic (y), a long, somewhat triangular 

(One, having a short dorsal edge united by synchondrosis 

li the straight lower border of the hyomandibular, and a 

tainted ventral process which fits into a groove on the inner 

e of the quadrate (§ 42). In the natural position of the 

iones, die symplectic, ns well as a considerable portion of 



md quadrate, is hidden by the pre- 



the hyo mandibular 
opercular (§ 64). 

43. The quadrate (qu) a, bone of very irregular form, 
presenting on its inner surface a deep groove for the re- 
ception of the symplectic, and ending below in a saddle- 
shaped articulation for the lower jaw. 

43. The meta-pterygoid (m.pt), a thin lamina of bone, 
united by synchondrosis with the straight part of the dorsal 
border of the quadrate, and fitting closely agninst ihe 
anterior border of the hyomandibular and symplectic. 

44. The pterygoid (fii), a long, flat, irregular bone, 
with a thickened ventral border ; it articulates by suture 
witli the anterior edge of the quadrate and meta-pterygoid, 
and takes a direction forwards, and slightly upwards and 
inwards. 

45- The meso-pterygoid {ms.pi), a very thin bony 
lamina, fitting against the upper edge of the pterygoid. 

46. The palatine {pa), an irregular bone, consisting of 
a flattened posterior portion, and of a stout, rod-like, 
incurved anterior portion ; at the junction of its two 
parts, the bone presents on its upper surface an articular 
facet {x') for articulation with the parethmoid (§ 36). Pos- 
teriorly the palatine ends above in a straigjit edge, and 
below in a long jagged process which articulates with 
the jiterygoid. 

47. The premaxilla (p.mx), a stout, curved, rod-like 
bone forming the gape of the upper jaw, produced at 
its upper or inner end into a strong upward process, and 
covered on its oral siu'face with close-set curved teeth. 

The two premaxilliE ahut at their dorsal (ianer) mds against a large 
nodule of cartilage, which is not aeca in the dried skull, 

48. ITie maxilla {mx), lying behind and parallel with 
the premaxilla : its anterior (dorsal) somewhat expanded 
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end articulates with the vomer t its posterior (or ventral) 
flattened end reaches nearly as far back as the quadrate. It 
does not enter into the gape. 

IX. Note the following bones in each ramus of the lower 

49. The articular (ar), a large hone articulating by a 
saddle-shaped surface with the i.|uadrate ; it is thick and 
Strong posteriorly, and produced into a long pointed pro- 
cess anteriorly. On its inner surface is a groove in which, 
in the recent condition, Meckel's cartilage lies ; this 
latter is rod-like, about 2 — 5 mm. in diameter, and pointed 
at its anterior end, which projects beyond that of the 
articular. 

50. The angular (an), a small stout bone attached to 
the postero-inferior angle of the articular. 

Tiie dentary {(/), a large bone forming the main 
part of the lower jaw, and curving inwards to join its fellow 
of the opposite side, to which it is united by synchondrosis. 
Its posterior edge is deeply notched for the reception of the 
articular, and it contains a cavity open behind, in which 
Meckel's cartilage and the mandibular nerves run. 

X. Note in the hyoidean apparatus 

52, The two paired halves or cornua of the apparatus, 
large, laterally-compressed bones, lying, in the natural 
position of the parts, within the rami of the mandible, and 
uniting with one another by a median symphysis a short 
distance behind the mandibular symphysis. 

53. The connection of each hyoidean cornu with the cor- 
responding suspensorium by a short rod of bone, the inter, 
hyal (I'./iy), which articulates on the one end with the 
dorsal extremity of the cornu, and on the other with the 
cartilaginous interval between the hyo mandibular and 

lyraplectic. 
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54. Ihe composition of the hyoidcan comua : each con- 
sists of a dorsal, somewhat triangular bone, tlie epi-hyal 
{nji.hy), articulating at its apen with the inter-hyal, and at 
its base united by suture to a second bone, the cerato-hyal 
{i:-hy), which forms the main part of the cornu, and is 
connected ventrally with two small ossifications, the hypo- 
hyals {h.hy). 

55. The branchiostegal rays (br.r), seven curved 
rods of bone, articulated to about the upper three-fourths of 
the posterior edge of the cerato-liyal : tlie four superior rays 
are connected with the outer face, the three inferior with 
ihc inner face of the cerato-hyal. 

56. The uro-hyal or basi-branchiostegal {u.hy), a 
median vertical plate of somewhat triangular form, inter- 
posed between the hypo-hyals of opposite sides. 

XI, In the branchial arches, make out 

57. The superior pharyngeal bones, two large 
irregular bones, covered inferiorly with teeth, which lie, in 
the entire fish, in the roof of the pharynx. These represent 
the coalesced dorsal elements or pharyngo-branchialsof 
the four anterior branchial arches. 

58. The epi-branchials, four slender bones standing 
out horizontally from the outer edge of each superior 
pharyngeal bone. 

Sg. The cerato-branchials, four larger bones on each 
side, forming the main part of the four anterior branchial 
arches : each is articulated at its dorsal end with the outer 
(ventral) extremity of the corresponding epi-branchial, and 
Cakes a direction forwards, downwards, and slightly inwaids. 

60. Each cerato-branchial is articulated below with a 
hypo -branchial ossification, which passes forwards and 
inwards. 

$1. The basi-branchial, a median ventral ossification, 
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common to the first three arches, the hypo-branch ials of which 
articulate with it laterally ; the hypo-branchials of the fourth 
arch are united with one another in the middle ventral 
line by cartilage. 

6z. The raditiientary fifth branchial arches, each consist 
ing of a single bone — the inferior pharyngeal bone 
— which is beset on its dorsal face wilh teeth, and in 
the entire fish, bites against the superior pharyngeal 
(§§ '6'> 163)- 

XII. In the skeleton of the gill-cover or operculum, 
note the following four bones on each side : — 

63. The opercular (Fig. 29, op), a flat bone, bifid 
posteriorly and having on its anterior border a facet for 
articulation with the posterior or opercular process of 
the hyoraandibular. 

64. The pre-opercular {p.op\ a large bone with an 
evenly curved anterior border produced at one place into 

irregular process, and a jagged posterior border ; its outer 
face is produced into a prominent ridge for attachment of 
muscles. In the natural position of the parts it fits closely 
against the outer face of the hyomandibular, symplectic, 
and quadrate. 

65. The sub-opercular (j.p^), a flat plate, somewhat 
rounded below and pointed above : and lies immediately 
beneath the opercular. 

66. The inter-opcrcular ii.op'), an irregular bone, 
articulated at its upper and posterior end with the sub- 
opercular, and at its opposite extremity connected by ligament 
to the angle of the mandible. 

XIII. There still remain a few loosely attached bones 
in connection with the brain-case, chiefly in the 
region of the nose and eyes ; these are 

67. 'I'hc so-called nasals {mi), delicate scale-like bones, 
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grooved for sensory ttibes, situated one on either side of th^ 
nasal region, to the dorsal side of the parethmoids. 

68. The sub-orbitals (s.or), a semicircular chai 
bones, lying beneath the eye-ball : the most anterior of thft ] 
series is large, thin, and triangular in shape, and i 
called lacrymal (k) ; the others are small and five to 1 
seven in nuniber. AH are grooved for sensory tubes. 

6g, Two or three small grtioved bones of a similar J 
nature occur in relation to the parotic processes. 

XIV. In the shoulder-girdle and pectoral fin note on I 
eaeh side 

70. The post-temporal, a forked bone, articulating by : 
the inner and larger of its limbs with the epiotic, by the 
outer and smaller with the parotic process of the skull. 

7 1. The supra-clavicle, a stout rod, articulating above 
with the post- temporal, and fitting below by its bevelled 
inner surface against the dorsal extremity of the clavicle. 

72. The clavicle, a large curved bone, with a thick 
anterior and a thin posterior border, attached above to the 
supra-clavicle, and taking a direction at first downwards, 
then forwards and inwards, so as nearly to meet its fellow 
of the opposite side in the middle ventral line of the throat, 
a short distance beyond the uro-hyal. 

ir (renlrat) portion of the clavicle is greatly 



73, The poat-clavicle, a slender bony rod, connected 
with the inner face of the clavicle near its dorsal end, and 
passing backwards and downwards. 

74. The scapula and coracoid, two delicate laminte 
attached to the inner face of the clavicle : the upper and 
smaller of the two is the scapula : the lower, of an irregularly 
triangular form, is the coracoid, 



75- The brachial ossicles, four small, dice-box 
iped bones, articulating with the posterior border of the 
pula and coracoid. 

76. '['he fin-rays, attached to the distal ends of the 
.chial ossicles and having essentially the same character 
those of the median fins ; Ihey diminish gradually in size 

the pre-axial to the post-axial border of the fin (see 
95) overlap one another at their proximal ends, and are 
luch frayed out at their distal extremities. 
XV. In the hip-girdle and pelvic fins note 

77. The pelvis, consisting of the two thin, irregular 
innominate bones,' united with one another in the middle 
ventral line, but showing no distinction into the three 
ossifications of the typical vertebrate os iauominatum. 

78. The fin-rays, articulating with the postero-external 
borders of the innominate bones. Owing to the position 
of the pelvic girdle beneath the throat, the pelvic fins come 
to be situated anterior to the pectorals. 



-DIRECTIONS FOR DISSECTION. 



I 

^H XVI. Make out the following external characters : — 
^^P 79- The elongated body (Fig. 30), slightly compressed 
from side to side; the head passing insensibly into the 
trunk, and the trunk into the tail. 

So, The integument, containing numerous small 
imbricating scales, covered with a layer of thin, slimy, 
pigmented epiderm, the colour of which varies in differ- 
ent parts of the body, being white below, and greyish or 
olive, mottled with golden yellow, above. 
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p<w5ible tiiat the so-called innoaiiiultc bone may repreai-nt the 
bafalc metajiterygii or basi pterygium of the Elasmnbranch f 11 (p. 40, 
51), and not a tree pelvic girdle. 



In ihe Haddock the luteral line (see g 82), is black, and there ii 
H blackish blotch below the lateral line, between the pectoral and the! 
first dorsal fins : in the Whiting there is a black spot on the anil of f 



81. Remove a few scales and examine under a low 
magnifying power ; each is seen to be a fiat, rounded plate, 
composed of concentric lamina; of calcific matter, devoid 
of bone-cells ; its anterior end is embedded in the derm 
and overlapped by other scales, its posterior end is covered J 
only byepidemi, and presents an even free border ("cycloid" I 
scales). 

82. The lateral line, a horizontal row of peculiarly 
modified scales, lodging sensory tubes ; it passes frotn the 
tail forwards, a little above the middle line of the body, and 
becomes indistinct on the head 

8_^. The large mouth, at the extreme anterior end of! 
ihe body, supported below by the mandible {Fig, 29, rf) and I 
above by the premaxilite {p.mx) and maxillie {mx), of J 
which the latter are behind the former and do not actually I 
enter into the gape. The skin in which the maxilla and pre- \ 
maxilla are contained is so loose as to render the upper jaw 
slightly protnisible. 

84. The teeth are best seen at a Inter stage (g§ 151 
i63,p. 120). 

S5. The barbule (Fig. 30, li), a median filamentous j 
process, hanging from the under side of the lower jaw near \ 
the symphysis. 



In the Cod Ihe barbnle ii 
Haddock it is very short ; i 



as long as or longer than the eye : 
the Whiting absent. 



86. The nostrils (anterior nares) {Fig. 30, n.a), situated 
a short distance behind the blunt anterior extremity of the ' 
snout; these are two small apertures on each side, of which 
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or and outer is circular and open, while the 
i inner is guarded by a flap-like valve. 
87. The large eyes (e), devoid of eyelids and covered 
witli a continuous layer of transparent integument. 

The gill-opening, a large crescentic aperture on 
iide, extending from under the throat upwards and 
ibackwards along the side of the head ; it is bounded be- 
hind by (he shoulder-girdle (§ 95) and in front by the gill- 
cover or operculum, which is easily distinguishable into two 
parts, the operculum proper {Fig. 30, 0/), supported by 
the opercular bones {§§ (13— 66), and the branchiostegal 
.membrane {br.in), supported by the branchiostegal rays 
|X)f the hyoid bone (§ 55). 

89. The gills, seen by lifting up the operculum; they 
are four in number, and consist of rows of deep red 
branchial filaments, supported on the four anterior 
branchial arches (^ 57 — O3) ; between the gills, as well as 
in front of the first and behind the last gill, are the bran- 
chial clefts, five in number, leading into the cavity of 
the mouth. 

go. The pseudobranchia (mdimentary hyoidean gill). 
Been as a red patch covered by semi-transparent mucous 
■membrane, on the inner surface of the gill-cover, a little 
anterior to the dorsal end of the first branchial arch. 

91. The absence of spiracles (p. 43, § 7o)and of external 
auditory apertures. 

92. Theanus(Fig.30,a), a somewhat prominent aperture, 
situated in the middle ventral line, about half-way between 
the snout and the end of the tail. 

93. The genital (g) and urinary (k) apertures, 
sitiialecl on a common elevation of integument, immediately 
posterior to the anus ; they are small apertures, the genital 
being the more anturior of the two. 
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54. The median fins, thin vertical folds of integument 
pported by bony fin-rays (§ 19) ; three of them are dorsal 
position (dorsal fins, Fig, 30, d.f. i, ti.f. 2, d.f. 3), el- 
iding from immediately behind the head to the tail ; two 
:e ventral (anal fins, a.f. 1, aj. 2), extending between 
the urinary aperture and the tail ; and one is posterior, the 
caudal fin {£./) j the latter is apparently quite symmetrical 
(homocercal), its rays being equally distributed above and 
toelow the fleshy lobe in which the tail ends. 

95. The pectoral fins (fore-limbs) (Fig. a,/./), situated 
in each side of the anterior region of the trunk, close behind 

the gill-slits, and about midway between the dorsal and ventral 

contours. The shoulder girdle to which they are attached 

(§§ 70 — 74) can be felt immediately behind the gill-slit. If 

the pectoral fin be made to stand out at right angles to the 

y, it will be seen to havu a dorsal surface looking 

iwards and backwards, a ventral surface, downwards 

id forwards, a strong, straight pre-axial border towards 

le head, and a thin curved post-axial border towards the 

^^Tien left to itself, it lies with its dorsal surface against 

le side of the body and its pre-axial border lookingupwards. 

96. The pelvic or so-called ventral fins (hind-limbs) 
(pt'-f), small fins situated below and slightly in front of the 
pectorals: the pelvic girdle (§ 77) to which they are attached 
can be felt in the angle between the ventral ends of the 
shoulder girdles. The surfaces and borders of the pelvic 
fins have the same names as those of the pectorals, and are 

lily identified. 
XVII.' Carefully dissect away the skin from the left 
side of the body, observing the following : — 

,e following sections (g XVII — 99) may be omitted until after the 
on of the viscera, and then worked out an [he right side of the 



97- The body muscles (Fig. 30), distinctly divided intDS 
vertical segments or myotomes, separated from one ^ 
another by septa of connective tissue : each myotome takes 
a zigzag course, passing, from the middle dorsal line, at first 
sharply backwards, then gently forwards, then gently back- 
wards, and finally sharply forwards to the middle ventral 
line. The myotomes are also more or less distinctly 
divided into dorsal and ventral portions : the dorsal 
muscles on nearing the head, turn forwards, and are inserted J 
into the frontals j the ventral muscles being inserted into'l 
the clavicles. ^ 



98. The cutaneuB quinli (('), or cutoneons branch of ihe tri- 
geminiil nerve (§ )93j, seen emerging from between Ihe muscles on 
Ihc dorsal surface of the head, and passing; bac'twards and .'^lighlly out- 
wards immediately beneath the skin. Soon after ils origin it gives off 
two or three small nerves which pass backwards and upwards, and, 
uniting with one another form a trunk ( J") which runs along the bases 
of the dorsal fins, as far as to the caudal. The main Imnk of 
the cutaneiis quinti divides into two branches, one of which { V") 
passes downwards and backwards to the anal fins, supplying them in 
the same way as the dorsal branch supplies the dorsal lins : the other 
C^"') passes along the outer face of the clavicle and sends bmnches to 
the pectoral and pelvic fins. Traced forwards, the cutaneus quinti is seen 
to make its exit from the skull by a foramen in the parietal {§ 31). 

99. The cutaneua vagi, or cutaneous branch of the pneumogos- 
trie nerve {% 196), emei^ng from beneath the operculum near its dorsal 
end, having already divided into two trunks, which pass almost directly 
backwards, the first (.V) immediately beneath the skin of the lateral 
line, the other {X') along the line of junction of the dorsal and ventral 
muscles ; at about the level of the second dorsal tin these nerves begin 
gnidually to approach one another, and ihe upper one soon&d«s oS, the 
lower one then passing along Ihe lateral hne to the taiL The two 
trunks are united by one or two commissures. 

XVIII. Keeping the fish with its left side uppermost, 
make a median ventral incision from the hip- 
girdle backwards to within a quarter of an inch of 
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the anus. Take a second incision passing vetti- 
caliy doraalwards from the anterior end of ihe 
first, and a third sloping obliquely backwards and 
upwards from its posterior end : carefully lift up 
the flap of muscle as you make these cuts so as to 
be sure that none of the internal organs are 
injured. Extend both cuts upwards until the 
body cavity is well exposed : then fasten back or 
remove the flap of muscle. Observe the following 
points without further dissection : — 
loD. The abdominal cavity, enclosed by the muscular 
waJls of the body, ending in front at about the level of the 
shoulder girdle, and extending posteriorly for a short distance 
behind the anus, 

101. The peritoneum (parietal layer), a pigmented men !■ 
le lining the abdominal cavity. The visceral layer of 
le peritoneum is reflected over the viscera (see § no). 

The liver (Fig. 31, Ir), a large brown-coloured 
'ith its broad attached end at the anterior boundary 
if the abdomen and its long left (//-s) and short right {Ir^) 
and middle (//-') lobes extending backwards towards the 
posterior end of the cavity. 

103. The Stomach (Fig. 31, it), a wide thick-walled tube, 
passing from the front wall of the abdomen, backwards to 
within a short distance of the anus, where it becomes bent 
forwards upon itself; in the undisturbed position of the 
parts it is largely covered by the liver. 

104. The intestine (Fig- 31, dm., il., ret), a coiled tube, 
connected anteriorly with the recurved portion of the 
stomach, and ending behind in the anus (see § iig). 

105. The pyloric caeca (Fig. 3r, py.c) numerous small 
blind tubes, arranged in bunches around the small intestine 
at its junction with the stomach. 



io6. The spleen, a smootb, dark red body, of elongate^ 
form, situated somewhat dorsal to, but not directly con^ 
nected with the stomach, 

107. The gall-bladder (Fig. 31,^-^). a large ovoid s 
filled with bright green bile, situated about the middle t 
the abdominal cavity towards the right side. 




Fig. 31. — Gadus monhua. Dissection of the alimentary caoal 
and its ^nds, from Ihe right aSe {i nat. iia). 

a, anus : ci.//, cammun bile duct ; c.d, cystic duct : dm, duodenum : 
g.i, gall-bladder; A.d, hepatic duct: il, ileum : /r", right lobe of Iitbt : 
Ir', middle lobe of liver ; />-5, left lobe of liver ; ai, cesophagus : _ 
fiy,c, jjylorig caeca ; ret, rectum : si, Ktomach r *, aperture of bil« J 
duel, below il apertures of pybric cssca. ■ 



108. In the male, the testes, long lobulated glands, 
liiiving much the appearance of fat, and extending horizon- 
tally along a considerable proportion of the length of the 
abdominal cavity ; iheir size varies greatly according to the 
season and the age of the fish. 

109. In the female, the ovaries, conical sacs, of a pink 
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SJlour, situated in tlie posterior part of tlie abdominal 
cavity, above the termination of the intestine. 

110. The visceral layer of the peritoneum, a thin trans- 
parent membrane, enveloping, somewhat loosely, the fore- 
going viscera. 

111. The air-bladder or swim-bladder, covering the 
whole of tlie dorsal wall of the abdomen, the peritoneal 
lining of which is continued over its ventral surface : if in 
the distended condition, its smooth median and sacculated 
lateral regions reader it readily distinguishable ; if collapsed, 
it is less obvious. 

II a. The ureter, a thin -walled lube, passing upwards 
from the urinary aperture to the posterior end of the air- 
bladder to join the kidney, which is at present concealed ; 
near its ventral end it gives off a bilobed diverticulum, the 
urinary bladder. 

XIX. Continue forwards the median ventral incision 

» already made, by cutting through the hip-girdle 

and between the right and left halves of the 
shoulder-girdle : dissect away (he left half of both 
pectoral and pelvic girdles, working from below 
upwards, and taking especial care not to cut too 
deeply and so run the risk of injuring the hepatic 
(§ 125) and precaval (§ 141) veins. Note 

113. The gullet (Fig. 31, les), a tube of about the same 
diameter as the stomach, with which it is continuous 
posteriorly, while in front it passes into the pharynx 
\% XXX.). 

1 14. The pericardial cavity ; a small chamber con- 
taining the heart (§ 115) and separated by a strong fibrous 
partition— the pericardio-peritoneal septum — from 
the cavity of the abdomen : it is bounded above by the floor 

f the mouth and bases of the gills, and below by the 
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rentral ends of the clavicles and the muscles in connet 
with them. 

115. The heart (Fig. 31), consisting of (a) the small, 
thin-walled sinus venosus {s. v), attached by the hepatic 
veins (§ 125) to the peri cardio- peritoneal septum; (i) the 
large, irregular thin-waUed auricle (au), situated in the 
dorsal region of the cavity, and largely concealing (c) the 
firm, prismoidal ventricle {v), which lies in the ventral 
region of the pericardial cavity and passes in front into (tf) 
the white, rounded bulbus arteriosus (A.<i). 

116. The pericardium, a thin membrine lining the 
pericardial cavity and reflected over the heart in the same 
manner as the peritoneum over the abdominal %-iscera. 

XX. Skin the top of the head and cleat away the 
muscles until the roof of the skull is exposed t 
break away the latter, bit by bit, with bone forceps 
or strong scissors, and observe 

117. The brain, lying loosely in the large cranial 
cavity, and continuous posteriorly with the spinal cord, 
which passes through the neural canal of the vertebral 
column to the tail. 

118. The arachnoid fluid filling the space between the 
brain and the walls of the cranial cavity. 

Large cod are often Itilkd by a blow on Lbe head ; this gives rise to 
enlensive extravasnlion, and the cranial cuvity is found to be full of 
clotted blood, wluch adheres so closely lo the brain as lo require care la 

XXI. If no second specimen is to be dissected, go over 
§§ XXXVI— 196; then cut through the spinal cord 
about half an inch from its junction with the 
brain, sever the various cranial nerves, carefully 
detach the olfactory lobes from their attachments 
(§ 189), remove the brain, and place it in alcohol 
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of about 90 per cent. If a second specimen is lo be 
dissected, the examination of the external features 
of the brain may be postponed, and the organ 
placed in alcohol at once. 
XXII. Place the fish once more on its right side, and 
by turning forward the lobes of the liver, and, 
when necessary, dissecting away the peritoneum 
from (he viscera, blood-vessels, &c., make out the 
following: — ' 

119. Thedivisions of the alimentary canal (Fig. 31): the 
lophagus passes insensibly into the stomach, the cardia 
or aperture of communication between the two being marked 
only by a difference of colour and texture ; the storaach 
passes back to the hinder end of the abdomen, becomes 
bent upon itself towards the right side, and narrowing, 
becomes continuous with the small intestine, the pylorus 
or aperture of communication between the two being marked 
by the attachment of the pyloric c^ca {py.c); the first loop 
of the intestine is U-shajjed and represents the duodenum 
(dm) ; this is followed by the ileum {//), which after a 
' The inJBclion of the blood-vessels, which is necessary for their 
satisfactory eiaminatioD, is best perToroied iil Vbe followiiig way : (a) 
Make a small indsion into the bulbus arteriosus, and insert a cannula 
directed forwarda; from tiiis the ventral aorta aod afferent branchiU 
arteries are injected : (i) inserts secood cannula into one of the branches 
of the mesenteric artery, e.g. that supplying the pyloric caica, directing 
it forwards, or towards the proximal end of the artery ; from lliis the 
dorsal aorta and efferent brandiial arteries are filled : {c) a ihird can- 
nula is inserted into one of the factors of the porlal vein, t.g. that 
coming from the pyloric aeca, its point being directed forwards or 
towards the main portal vein, which is in this way thoroughly injected : 
(d) n fourth cannula is inserted, pointing fcrwards, into the spermatic 
vdn (S 126); from this the main syslemic veins are easily filled. Plaster 
of Fnris, or some other cold injecting material, must be used ; ns a very 
slight heat causes gelatinization of the conneciive tissue of the blood- 
vessels and their consequent rupture. 
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minor turn, fonns a long loop enclosed in a special invest- 
ment of peritoneum and extending backwards posterior to 
the anus ; passing Forwards again, the ileum forms a loop 
within and concentric to that of the duodenum, and is then 
continued insensibly into the rectum (rri), which is only 
marked by its somewhat greater diameter and by the dark 
colour of its contained fieccs ; the rectum passes directly 
backwards to the anus (a), between the ileum on the right 
and the stomach on the left. 

1 20. The way in which the viscera are supported by 
folds of peritoneum : the stomach is suspended to the 
dorsal wall of the abdomen by a vertical fold, the meso- 
gaster : a simitar fold supporting the small intestine is the 
mesentery : one suspending the rectum is the meso- 
rectum : the testes are kept in position by the mesorch- 
ium, the ovaKes by the mesoarium : the anterior border 
of the liver is connected to the anterior wall of the abdo- 
men by the coronary ligament and its dorsal surface is 
connected with the stomach by the gastro-hepatic 
omentum. 

121. The cystic duct (Fig. 31, e.//) from the gall-bladder 
(f.f), joined by several hepatic ducts (/iJ) from the liver : 
from the point of junction the common bile duct {c.i.//) 
passes backwards and opens into the small intestine just 
beyond the pylorus. 

122, The portal vein (Fig. 32, /), taking blood from the other 
abdominat vhcem to ibc liver : it is a loree vein receEving fuclors &odi 
the Klomach, ititeE^lines, Fpleen, and pyloric casca, as well as a branch 
from Ihe air-bladder, leaving the wall of the latter at about the janction 
of iis anterior and middle thirds, and bringing blood from the rete 
mirabile {x) {viJt infra g 139). Ail these tribubiries unile lo form 
a plemia of lai^ veinE in the gaatru -hepatic Dmeittam, from which 
leveral veins go off into the substance of the liver (f "). 

12^. Tlic gaslric branch of Ihe vagus (tenth cerebral) nerve, n 
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\a.Tge nerve entering Ihe abdomen alongside llie gullef and spreading 
out into a aum'ier of doe branches an the surface of the htamacb. 

124. The ctEliac and meBentetic arteries (Fig. 32, ra:, w), entering 
the abdomen abiive and to the right of the gullet: the former goes 
almost exclusively lo the pyloric cjeca : the mesentEric artery supplle; 
the stomach (g)- intestines {i), spleen [s/l), and rete mirabile (i). 

125. The two hepatic veins (Fig. 33, A/] proceedin;j, one on each 
bide, from the anterior border of the liver, through the pericardio-peri- 
toneal septum to the sinus venosu'^. 

126. The spermatic vein (Fig, 32, s/.v) bringing blood from the 
ovary or teslbi, from the anterior end of which it [lapses directly forwards 
lo join the precavil vein (^ 141) : the spermatic artery {ip.a) arises 
tram one of the gastric branches of Ihe mesenteric 

» XXIII. Remove the liver, stomich, intestine and 
spleen : cut open the stomach atid duodenum, 
wash out their contents and note 
127. The rugce of the stomach, prominent longitudinal 
folds into which its mucous membrane is thrown. 

isS. The pyloric valve, a circular ridge of mucous 
membrane forming a constriction between the stomach and 
intestine. 

129. The aperture of the bile-duct (Fig. jr, ;i:) in the 
duodenum, near the pyloric valve : a bristle should be 
passed from it into the duct. 

130. The three or four openings of the pyloric cjeca 
(Fig. 31, below a), situated in the duodenum between the 
pylorus and the bilaiy aperture. 

XXIV. Make out the following points in the repro- 
^■^ ductive organs, still left in silu : — ■ 

^K//j the Male. 

^^Pi3i. The testes, two elongated bodies, each consisting 

^^ a straight tubular axis, the vas deferens, with a soft 

greatly lobulati.'d body, the testis proper, attached to the 

whole length of one side. At about one fourth of their 

pigth from the posterior end, the two testes unite with 



one another in the middle line, and send off a short commi 
duct, which passes, closely attached to the front wall of th< 
ureter, to the genital aperture. 
Ill the Female. 

132. The ovaries, two conical bodies, united with one 
another posteriorly and sending off from the point of junc- 
tion a short oviduct which passes downwards hetween the 
ureter and the rectum to the genital aperture. 

XXV. Remove tiie reproductive organs and the ureter 
from the body, along with a small portion of 
the body wall containing the urinary and genital 
apertures : in cutting through the ureter leave a 
recognisable piece of its dorsal end, as it will 
have to be traced to the kidney (§ 143) 
out these organs under wafer, and make longi^ 
tudinal incisions though the ureter and the va* 
deferens or oviduct and ovary ; note 

133, A median ]Mrtitian dividhiE the dorsal end 0/ llie urek 
two tube-. 

In the Male. 

134. The common genital canal, receiving the 
deferentia, opening externally by the genital aperture, and 
1 partition from the ureter. 
s small apertures in the vas deferens 
1 the secretion from the lobes of the 
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■parated by 

135. The 
by which it 
tesfis. 

In the FemaU. 

136. The large central cavity 
on by irregular processes of the 
which the ova are developed. 

137. The cavity of the oviduct, continuous wilh those of 
the two ovaries, and opening exiernally by the genital 
aperture. 
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of the ovary, encroached 
iubstance of the organ, on 



"S 



and 



THE COD. 

XXVI. Open the air-bladder by a lotigiludiiial ii 

along its left side, and dissect a*ay tlie muscles, 
&c., which still obscure its anterior end, taking 
care not to injure the precaval vein (§ 141) ; note 

138, The characters of the air-bladder; its lateral and 
ventral wails are very thick and tough, its dorsal wall so 
thin that the vertebral column, aorta (g 142), and kidnuys 
(§ 143) can be readily seen through it; its vent ro-lateral 
portions arj deeply saccnialed, and its antero-laleral angles 
produced each into a long coiled tube, blind at its free end ; 
of these the left only is seen at present, imbedded among 
the muscles at the anterior end of the air-bladder. 

139. The rete mirabile of the air-bladder, a large, soft, 
cake-like mass of rounded outline and red colour, situated 
within the air-bladder in contact with its ventral wall : as 
already seen, it receives a branch from the mesenteric artery 
and pours its blood into the portal vein. 

40. The anterior portion of the kidney — usually called 
head-kidney — a dark-brownish red mass, lying above 

in front of the anterior end of the air-bladder. 

41. The (left) precaval vein {ductus Cuvkrit) (Fig. 32, 
pe), a large vein passing from the sinus venosus upwards 
to the anterior part of the kidney, crossing the gullet as it 
goes, and lying immediately behind the last branchial arch ; 
it receives the corresponding spermatic vein, and at iis 
dorsal end is formed by the confluence of two veins, the 
left jugular bringing the blood from the head, and the 
left cardinal returning that from the trunk generally. 

The dorsal aorta (Fig. 32, d.ao), a large median 

:ery,seen through the thin dorsal wall of the air-bladder; 

show it plainly, the latter should be dissected away. 

The doriiol aoiln. is continued pislerioi ly a^ ihe caudal artery (c.a), 

rhich ]>a,=sc9 tlirou|;h Ihc hai-nal a'ches nf llie tail ; before duiiig so il 



gives off in artery (j) which passes flownwards alongside Ihc u 
(g III) to supply Uie bladder, anterior nnnl fin and body muscles of tb 
regioa, and uLso anastomoGeE wuh the intciliiial arterf (■) b; a si 
bmncll, 

143. The kidneys, consisting of two irregular lonj 
tudinal bands of soft reddish-brown tissue, lying one on eacti 
side of the aorta ; to see them satisfactorily, the dorsal wall 
of the air-bladder must be dissected away ; anteriorly they 
pass each into the so-called head-kidney already seen (§ 140) ; 
posteriorly they unile and form a large median mass, lyi 
immediately behind die air-bladder and enclosed in the 
hffimal canal of the anterior caudal vertebrffi, which 
be cut away to display it ; it is from this hinder part of 
kiiiney that the unpaired ureter springs. 

144, The cardinal vein (Fig. 33, Led, r.cd), a somewl 
irregular trunk, running through the substance of ce 
kidney. 

The middle part of ihe left cardinal iri aborled for some dittance, 
¥eiQ5 from (he left kidney in tiiis region passing into ihe right cardinal,* 
Posteriorly, the two become continuous with the caudal vein [c.v), 
which parses through the hiaoal canal, ventral to Ihe caudal artery. A 
vein {y) bringing back the blood from the posterior pari of Ihc 
bladder, urinary bladder, anterior ana! fin and body-wall, and 
mosing tvilh the portal, runs parallel to the corresponding artery (§ 
and enters the caudal vein just as it emerges firom the hccmal eatial. 

14s. The Bympathetic nerve is also imbedded in Ihe kidney. 

XXVI f. Dissect away the muscles, &c. lying in froal 
of the heart and at the bases of the gills, and brii^ 

146. The ventral aorta {Fig. 32, imto), passing forwar 
from the btilbns arteriosus and ending abruptly at about tb^ 
level of the ventral end of the first giU. 

■^ Its anterior part is sometimes connected with the riglit cardinal by 
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Tbe iyoidean (g 175) and iwo firsi efferent branchial arteries (g 15a 
anastnmoiie at their venlm! ends, and from (lie juncliin of Ibe t 
litter an artery U given off on each side, which tnerfa wilh ita fellowfl 
bcloii' tbe ventral aorta to form an aiygoiis vessel, which is beat seen at J 
Ibis stage. This soon divides into two branche ■, one of which passe* 3 
abovi:', the Other below, the pericardium, supplying tbe musclei inn 
tbe;« regions, aiid giving off tevcral very bmall coronary vessels ti 
heart (Fi^. 31, ca). The ventral branch eventimlly divides into twi\,J 
which supply the pelvic (ins (//). 

147. The afferent branchial arteries (Fig. 32, a.h^, 
a./'f^), four on eatli side, given off laterally from the ventral 
aorta to the four pairs of gills, and passing dorsalwards 
along the posterior face of the corresponding branchiajj 

148. The inferior jugular vein (Fig, 31, i.Ju), an unpaired v 
bringing the blood from the lower parts of the bead : it passes tbrouglj 1 
tbe pericardial cavity to tbe dorsal side of the benrl, and opois in 

tbe right precaval, 

XXVIII. Remove the heart am! observe again the I 
relations of its parts (§ 115); then open its | 
various chambers by the removal of the left ] 
wall of each. This is best done under water. , 
Observe 

149. The thin smooth walls oF the sinus venosus. 

150. The sinu-auricular valve, between the sinus 1 
venosus and the auricle; it consists of two raembranotis | 
flaps, respectively dorsal and ventral in position. 

151. The Ihin walls of the auricle, strengthened by al 
network of interlacing muscular bands, the muscuU J 
pectinati. 

15a. The auriculo- ventricular valve, guarding the 
round aperture between !l;e auricle and the ventricle ; it 
consists of two flaps, respectively anterior and posterior in 
position. 
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153. The thick muscular walla of llie ventricle, raised 
I internally into a network of niiges, the columnie carneEE. 

154. The aortic valves, consisting of two semilunar 
t flaps siluateil right and left, at the junction between the 
[^ventricle and the bulbus arteriosus. 

155. The thick fibrous walls of the bulbus arteriosus. 

XXIX, Draw the gills of the left side downwards, so 
as to feel the muscles (Icvatores arcuum branchi- 
alium) connecting them with the skull on the 
stretch : dissect away these muscles, as well as the 
anterior part of the air-bladder, make out 

156. The branchial branches of the vagus, distributed to theb^all- 
cIliata^chesinIhe.samemsnnel'a»i]Uh(;Sl^^te(p. 82, g2[4). Theorigin 
of the gastric, cardiac, and cutaneous hranehes of the vagus may I e seen 
at the same time, aa Well as its exit from the skull (see 9 196). 

157, The glossopharyngeal, dividing, soon after its exit from the 
aknll, into two branches, a posterior going to the anterior face of the 
first branchial arch, and ai anterior parsing at first forwards, and then 
downwards, along the inner face ol the hyomandibul^r to the pscudo- 

d. (8 196). 

58. The left epibranchial artery (Ing. 32, e/>./'r), 
lying longitudinally along the dorsal ends of the gill arches, 
and receiving the four efferent branchial arteries 
{ij.br}, (f-hr.*), one from each arch. After receiving the 
last efferent artery the epibranchial trunk passes inwards 
and backwards, and unites with its fellow of the opposite 
side to form the dorsal aorta, but just before doing so, it 
gives off a subclavian artery (_s.c!) on each side, which 
supplies the pectoral fin. The coeliac {coi) and mesen- 
teric (w) arteries (S 124) arise from the right epibranchial 
Just anterior to the subclavian. 

XXX. Cut through the lower jaw, the hyoid, and the 
branchial arches, a little to the left of the middle 
ventral line, so as to leave the tongue intact on 



the right side; place the fish in Ihe supinq 
position {dorsal surface downwards) and fastei 
out the mandible, byoid, and gill att:lies right and 
left, so as to get a good view of the interior of theM 
mouth. Observe the following :- 

159. The numerous small premaxillary teeth airangedfl 
in two symmelrical sets on the preniaxillffi. 

160. The larger mandibular teeth on the lower jaw. 

161. The median cresccntic group of vomerine teeth,.! 
a short distance behind the premaxillary lei 

162. The superior pharyngeal teeth, arranged ial 
four groups, two on each side, on the ankylosed pharyngo- J 
branchials {§ 57), 

163. The inferior pharyngeal teeth, one group onl 
each of the small fifth branchial arches (§ ( 

1 64. The small, blunt, non-protrusible tongue, supporte4-B 
by the median ventral portion of the hyoid arch. 

165. The absence of posterior nares or spiracles 

166. The branchial clefts, vertical fissures between'^ 
the gill arches, five in number, the first being between thijl 
hyoid and first branchial ai'ches, the last between the fourAB 
and fifth branchials, 

167. The gill-rakers, horny filaments acting as strainei^fl 
attached to the branchial arches, and bounding the maryini 
of the clefts. 

rfiS. The greatly constricted aperture of the 

i6g. The pseudobranchia has been already noticed 

{§ go) ; on removing the mucous membrane, it is seen ti 

be a rounded vascular body, resembling the rete mirabiU 

in the air-bladder, 

XXXr. Remove a portion of one of the gills on thi 
left side, and make out by dissection and ti 
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170. The bony branchial arch, supporting the gill 
Hong il9 whale length, and having a crescentic transverse 

tcrioii- 

171. The form and arrangement of the branchial fila- 
Bients r each has the form of a right-angled triangle with 
|l very narrow base attached to the branchial arch, and with 
fhe apes free ; the hypotenuses face opposite ways in suc- 
cessive filaments, so that while tiie bases of the filaments form 

ingle row, their free ends form a double row, eacli row 
responding with a demibranch in the skate (p. 46, § 84). 

172. The complete freedom of the branchial filaments 
fcwing to the absence of partitions, such as are found in the 
pkate (p. 45, § 83, and p. 69, §§ 164, 165). 

173. The afferent and efferent branchial arteries, running 
Kirallel with one another along the outer side of the 

ranchial arcfi, the afferent artery being external : the 
Itfaoches of the afferent artery go to the inner sides {hypo- 
;, § 1 7 1 ) of the gill filaments, the feeders of the effer- 
^t artery lie along their outer sides. 

XXXII. Keeping the fish in the .supine position, dissect awoy the 
phiryngobranchiaU of both sid^s s:i as to expose both epi- 



ace forward the latter, and dissect away 
s membrane to maiie oat the folloniog : 
B (Fig. 32, f), continuing forwards the 
ig with one another alxive the parasphe- 
erse trnnl;, thus completing the circulus 



branchial 
enough of the n 

174, The carotid ai 
epibranchiol trunks, and 
noid by a short, slender, 1 
cephalicus. 

17s. The hyoidean artery (Fy. 32, iy), springing from the ventral 
end. of the first afferent branchial, and dividing into two branches, one 
ol which forms the afferent artery of the pseudobranch (fi), while the 
other anastomoses with the epibranchial (ifi.ir). 

The blood is ooUected from the pseudobranch by an efferent {efi&tiai- 
mu) artery {op), which, afier carving over (he carresponding carotid, 
and anastomosing irith its fellow of the opposite side by a short trans- 
verse trunt immediately in front of (he carotid 
le choroid gtand of the eye (£ 17S).. 
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17C. A nerve ninning alongaidc ihe hyoidean artery is 
r hyomnndil iilar iliviiion uf Ihu sevenlh nerve (ii 
«ce S 193.) 

XXXIII. Remove lie layer of transparent inlcgument c 
the exposed surface of Ihe eye ; cat away ihe aapraorbital 1 
process Elf [lie frontal Willi bene forceps, anil, if liitie permit, r 
dissect ciut the ocular mu!icles and their nerves, which havca 
the same es^ntlal disposition as in the skate (pp. JJ, 78, gg 191 J 
— 203) ; then remove the eye, dissect away the niuBcles, &c. slill' I 
attached to it, and divide it into inner and outer hemispheres by ■ 
an equatorial incision, passing midway between the pupil and 1 
the entrance of the optic nerve. Note the following :- 

(77, The cornea, iris, lens, acletotic, retina, and aqueo 
vitreous humours, have the usual relations (pp. 84, 85, §§ 214 — aaS). 

17S. The choroid, consisting of three distinct layers ; a Llack pig- 
mental; layer next the retina, a shining silvery layer next the sclerotic 
and betneen these a red vascular layer, which undergoes a great 
thicliening around the entrance of the optic nerve, fjrming a sort of 
aimnlar cushion ; this thickening is the so-called choroid gland. 

1 79. A slit in tbe retina extcudiug from the blind spot or entrance of 
the optic nerve, along Ihe posterior (outer) side of the eyeball to the 
□ra serrata or outer boundary of the retina ; throa^h it extend a deli- 
cate grey fold of the choroid, the processus falciformis, which ei 
against the posterior side of the lens in a pytifoim enlargement, the ] 
campanula Halleri. 

XXXIV. 'Ihe fifth nerve may noiv cjuveniently be di.isecttd I 
(8 193) ; afterwards remove the skill in the neighbourbood of J 
the nostrils, nnd observe 

iSo. The !^malt nasal sac, communicating with the exterior by Ihe 1 
two apertures already ;ecn (§ 86), but having no ci 
mquth: its wnQ is formed by the delicate, plaited Schneiderian 1 
membrane. 

XXXV. Carefully break away the roof of ihe auditory capsule ! 
as to expose the or^ii of hearing; or, better, remove tt 
entire auditory capsule, fasten it out (irmly under water in 
dissecting-dJEb and dis::ect it from the moer or cranial side. 
Note 

iSi. The irregular system of cavities excavated in the bone and 
cartilage of the auditory capsule for the membranons labyrinth; the 
separation of these cavities from the brain cavity by membrane only. 

iSz. The membrunous labyrinth (Fig. 33), consisting of the ovoidal 
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[ vcHttbule (!^) and of the three semicircular canals : Ihe latter have 
the usual arrangement ; the anterior (u.j.c) and poslerioc {/'.s.c) canals 
bave their odjncent timbj confluent, so that the two canals open by three 
apertures into the vesltbulc ; the harizontal canal [A.i.c) Vies entirely to 
the outer sideof Ihe vestibule, into which it opens by two separate aper- 
tares, and the ampullx (a) are situated at the actual extremilies of the 
s, tborc of the anterior and harizonCal canajs being anterior, 

•fliat of the posterior canal po^teriur. 

183. The two otoliths, one large (i) and shaped sometlimg like a 

Kahell (sagilla), and the olher very small («j) {julcriscm) lying in a small 

^ divertienlum of :lic vestibule, just beneath the ampulk of the posterior 
canal. 




Fig. 3j. — Gadus mocrbua. The organ of hearing. (Kro 
\At(4i by Mr. G. B. Howes.) 

f, vestibule: a.s.c, anlerior, f>.s.c, poslerior, and k s.c, horizo 
icirculai cauaL; a,a,a, ampullic : i, ;agttta : as, nslcri^cns. 



XXXVI. Examine the brain : if a fresh fish is used for 
the purpose and no spirit-specimen is available, 
the verification of the characters of the ventral 
surface must be left until the origins of the nerves 
have been made out, when the brain may be 
removed ; note the following : — 
184, The medulla oblongata (Fig. 34, m.o), or hind- 
liBi:ist division of the brain, continuous with, and of scarcely 
■greater diameter than, the spinal cord. 



Its dorsal surface is marked with an obscure lor^tudjnal furrow,! 
continuoua wilb the dorsai fissure of the curd, and separating iwo.l 
lungiludinal elevutton^, the posterior pyramids, externat to which at 
two sinjilar elevations, the restiform bodies, 

185. Tlie cerebe.lum {frfi), a. largo l ongin; -shaped 1 
body, lying on the dorsal side of the medulla oblongata,.! 
and largely concealing it in a view from above. The medulla M 
and cerebellum together form the hind-brain. 

1S6. The mid-brain, consisting on the dorsal side of 1 
two considerable ovoidal masses, the optic lobes (o./), \ 
and below of a mass corresponding to the crura cerebri | 
(i-,i-), of other vertebrate brains. 

187. The fore-brain, consisting mainly of the two J 
cerebral hemispheres (cJ), irregular rounded ma 
situated just anterior to the optic lobes, and of considerably 
smaller size than the latter ; each hemisphere is marked 
dorsally with a furrow or sulcus parallel to its inner edge. 
A small somewhat rhomboida! area in the niiiJdie line, 
between the hemispheres and optic lobes, is all that apjiears 
externally of the 'twixt-brain or thalamencephalon, 
above ; below it is constituted by two sonieivhat bean-sliaped 
bodies, the lobi inferiores (/,/), and the infundibulum 
(in), lying between them (see 5 205). On slightly separating 
the hemispheres they are seen to be united by a delicate 
transverse commissure {cm) passing between their itiner faces. 

1S8. The pituitary body (//), a rounded vascular mass, 
of deep red colour, situated in tiie middle ventral line 
immediately beneath the thalamencephalon. 

189, The olfactory lobfts (o//), two rounded bodies, 
each about Iwo-thirds the diameter of one of the cerebral 
hemispheres, situated in close contact with the hinder walls 
of the nasal sacs, anil connected by delicate nerve-like cords 
(I) with the corresponding hemispheres : [he connecting 
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Fm. 34- — Gailus morrhua. The brain. A, from above ; B, from 
bcncalh ; C, (com the left side; £>, longitudinal verticBl section; M, 
wllh the venliiclEs bid open from above, bf the removal of the greater 
port of Ihe cerebellum {crl) and of the optic lobes (a./) ; the cerebral 
hemispheres are also cut through hqrizontidlj to show the absence of 
lateral ventricles, and the commissure {cm) by wiich (he hemispheres 
are united {nat. size). 

a^,s, aqueduct of Sylvius ; r.e, crura ceiebri : e.A, cn'ebral hemis- 
pheres : cm, commissure between hemispheres : an', conmiissure be- 
tween lobi poBleriores : cfi, cerebellum :/ (7, fornix ofGottsche: in, 
infundiljuliim ; /.i, lobi inferiores : /./, lobi poaleriores ; w(.o, medulla 
oblongata! aJ, opiic lobefi : n/f, olfactory lobes ; fl, pituitary body; 
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1.1, tori semicircutares ; v.3, third veutricle : v.^, foarth ventricle : 
valve-like Sap covering anterior part of aqueduct of Sjilvius : 
peduncles of olfactory lobcf ; //, optic nerve : ///, lliird nerve : /. , 
fourth nerve ; K, fiflh nerve : V', orbiloiiasal nerve ; V^, maxillary 
nerve: V^, palatonasal nerve: V^, mandibular nerve; V^, cutaneus 
quinti : C/, siKth nerve ; Vlf, seventh nerve : VIII, auditory nerve ; 
IX, glossopharyngeal ; X, vagus ; X% coaimiiisute between fifth and 
tenth nerves. 



cords are single in the anterior, double in the posterior part j 
of their course. 

190. The large strap-like optic nerves (II), arising^ 
from the ventral surface of tlie brain, immediately in front or| 
the optic lobes : they pass at first directly forwards, ther 
cross one another, the ri^jht nerve going to the left eye, and 1 
vice versA : they make their exit from the cranial cavity T 
through foramina in the membranous side-walls of the ] 
skull. 

191. The third pair of nerves (oculomotor, III), ' 
arising from the ventral surface of the mid-brain, external to | 
the lobi inferiores and passing to their foramina in the ni 
branous ivall of the skull some distance posterior to the I 
optic foramina. 

193. The delicate fourth pair of nerves (pathetic, IV), 
arising from the dorsal surface of the brain, between the 
optic lobes and the cerebellum, and leaving the skull a little 
above the optic foramen. 

J 93. The fifth (trigeminal, V) and seventh (facial or j 
portio dura,'VII)nerves, arising together from the anterior j 
part of each side of the medulla oblongata, and leaving the [ 
cranial cavity by the trigeminal notch in the prootic (§ 27). 

The fiflh nerve early divides into the three characteristic divisions : 
(he first of these {otbittmaaal, V) passes forwards and upwards along 
the inner wall of the orbit, over the optic nerve, and supplies the parts 
oboot the iuDUt : (he second division (maxillary, V=^) pasres outwards 
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, Ihe gitaler part of it gning to ihe upper JRW ; a branch 
pyai off near its origin (palatoittisal, V-'>) goe= directly fotwanls, 
paiaUel with and clo.e to tbe porasphcnoid : tbe ihitd division (mandi. 
bular. V>), passes fmwards, downwards, and outwards to the lower jaw, 
upon reaching which it divides into Iwo chief branches, one passing 
above, the Qiher below Meckel's cartilage. The cutanens qninti (V') 
arises from the mab trunk. Tbe seventh nerve lakes a direction out- 
wards, downwards, and backward^, and soon divides into Iwo branches 
which pa^ Ihrongh tbe two foramina in the bjomandibulu' {% 40) : the 
aiOerior of these divisions soon divides agun, tbe hindermosi branch 
going to the operculum, the other (chorda tympani) to the lower jaw : 
ihe poAerior division lakes a curve inwards, backwards, and dovn- 
'wsids, reaches the inner side of the eplhyal, and passes along the inner 
^Uee of Ihe hyoidean arch. 

I 194. The sixth pair of nerves (abducent, VI), each 
Farising by two delicate roots from the ventral surface of 
the medulla oblongata. 

195. The eighth pair of nerves (auditory, VIII), each 
arising by three large roots from the lateral surface of 
medulla ; these pass directly outwards to the auditory 
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96. The ninth (glossopharyngeal, IX) and tenth 
(vagus or pneumogastric, X) nerves, arising together 
from the lateral surface of the medulla; the vagus arises by 
two large roots which pass outwards and backwards and 
join one another just before leaving the cranial cavity ; the 
glossopharyngeal arises by one main root, a little posterior 
to the anterior root of tbe tenth, to the ventral side of 
which it passes to make its exit from the skull. 

On leaving the skull, tlie glossopharyngeal divides into two brunches, 
Ihe anterior sad smaller of which goes to thi.' imeudobranchia, the 
posterior lo Ihe anterior face of the first branchial areh. 

The vagus, on leaving the skull, sends olT branchlitl nerves which 
supply the branchial arches in the same manner as in Ihc sValc (p. 81, 
g ai4), il then divides into two trunks, one passing veniralwards ni«l 



supplying tlie heart and Etomacb. tbe other becoming the lateral or 
cutuneODS nerve, ibe dislnbuEion ofwhicb his been already seen (S99)> 
The anterior root of the vagus givis offa snail nerve which joins tho-l 
cufaneus quinti (X'). 

XXXVII. Lift up the cerebeUiun and cut it away close 

to its attachment j note 

197. The dorsal surface of the medulla oblongata, and I 
the cavity (fourth ventricle, f, 4) inclosed between it and I 
the cerebellum. 

198. The lobi posteriores (/./}, a pair of rounded 
elevations on the anterior part of the floor of the fourth 
ventricle, and between them a large transverse commissure 
(im) passing from one side of the medulla to the other, 
and in a dorsal view giving the fourth ventricle the appear- 
ance of two distinct cavities ; that these are continuous may 
be seen by passingaguarded bristle beneath the commissure. 

XXXVIII. Carefully lift up the posterior edges of the 
optic lobes and remove enough of them to display 
thoroughly the cavity thus laid bare ; observe 

199. The Optic ventricles, large cavities in the optic 
lobes, continuous «'ith one another in the middle line so 
as to form in reality a single cavity ; the roof of this, just 
removed, is very thin, its floor extremely thick. 

20a. The tori semicirculares (U), two somewhat ■ 
kidney-shaped elevations, situated, one on each side on the 
floor (cms cerebri) {c.c) of the optic ventricle. 

201. The fornix of Gottsche (/G), a somewhat shield- 
shaped mass, situated between the tori semicirculares, and 
formed as an infolding of the posterior wall of the optic 
lobes. 

203, A valve-like plate of nervous matter (x), formed as 
an infolding of the anterior wall of the optic lobes, and | 
overlapping the anterior end of the fornix of Gottsche. 




303. The aqueduct of Sylvius {a^.s} a 
I sage continuous behind with the fourth ventricle and covered 
by the fornix of Gottsche ; it is best made out by passing 
I a guarded bristle forwards from the fourth ventricle and 
then removing the fornix of Gottsche ; it is in free com- 
munication with the optic ventricle. The anterior end of 
the aqueduct of Sylvius is all that represents the third 
ventricle (f, 3). 

XXXIX, Make a longitudinal vertical section of 
another brain, and observe 

204. The relations of the parts already seen, particularly 
those of the fourth ventricle, aqueduct of Sylvius, and optic 
ventricle. 

205. The downward continuation of the rudimentary third 
I ventricle in front of the anterior truncated termination of the 

a cerebri ; in this way the infundibulutn (in) is formed ; 
I it extends backwards and downwards between the lobi in- 
1 teriores, and to its anterior and inferior wall the pituitary 
r body is attached. 



THE LIZARD.i 

The Green Lizard {Lacerta viridis). 

The SaJstd Lizard (Z. agilis). 

The Scaly Lizard {Zootoca vivipard), 

(A).— THE SKELETON. 

L The skeleton of the lizard may be prepared either 
by maceration, ue, by allowing the roughly cleaned 
bones to soak in water until the remaining tissues 
are decayed, or by plunging for a few seconds 
into boiling water: in either case, the muscle, 
connective tissue, &c., still adhering, is afterwards 
dissected off until the bones are clean. It is 
advantageous to have two skeletons : in one the 
bones, with the exception of the skull, are not 
separated from one another, and the whole 
skeleton is set out and dried in the natural posi- 
tion : the skull should be removable, and it is as 

^ The following description applies strictly to the Green Lizard, 
which although not an actual British species, is very common in Jersey ; 
it is larger than the indigenous fonns, and is readily obtained of the 
dealers in natural history objects. The distinguishing characters of the 
three lizards will be found on p. 156, § 124. 
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well to make a longitudinal vertical section of it 
with a fret-saw. In the other skeleton the bones 
should be disarticulated, the vertebrae being Strang 
on a string or wire, as separated, so as not to 
disturb their order, and the other bones placed 
out in proper position on a card : the skiiU 
should be boiled for \ to J an hour, and its con- 
stituent bones gently pulled apart. This second 
skeleton will of course bear more prolonged macera- 
tion or boiling than the first or " natural " skeleton- 
In both cases the Iiyoidean apparatus (§ 79-83 
Figs. 39-40), must be dissected out with great care, 
as it partly consists of delicate cartilages : con- 
siderable care is also required in cleaning the 
sternal ribs (§ 23). For the study of the chondro. 
cranium a specially prepared skull is necessary: 
(see 5 VI. p, 143.) 
II. Observe the general composition of the skeleton 
as follows ; 
. The vertebral column, consisting of numerous 
separate vertebrae, divisible into (a) a cervical region 
of eight vertebrce, forming the skeleton of the neck ; (i) a 
thoraci CO- lumbar region of twenty-two vertebras, forming, 
with the ribs and sternum, the skeleton of the trunk : (/■) a 
sacral region of two vertebjEC, giving attachment to the 
pelvis : and (if) a caudal region, consisting of a variable 
number of vertebrie supporting the tail. 

2. The skull, articulated to the first cervical vertebra, 
and consisting of (a) the brain-case and upper-jaw: 
(/'} lower.jaw, comi>osc(I of two separate rami : and (e) 
the hyoidean apparatus supporting the tongue. 

3. The ribs, springing in pairs from many of the vertebne : 
they become marked in the posterior cervical region, attain 

K 2 
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ihfir niaximnm si/.c in the anterior thoracic region, where 
Ihcy nrc Hiiitcd lo the sternum (g 4), and undergo a gradual 
rediirlirtn in siic in the posterior thoracico-Uimbar region. 

4. The Sternum and shoulder-girdle, together forming 
nil inverted arch of mingled bone and cartilage in the 
anterior thoracic region, lo the vertebne of wliich the sternum 
is united by rilw. 

$. The fore-limb, articulated to the shoulder.girdle. 

C. The pelvis or hip.girdle, attached to the sacral 
vertclirK. 

7. The hind-limbs, articulated to the pelvis. 

HI. Observe the following points in the vertebral 

8. The characters of one of the anterior thoracic vertebKe : 
it consists of a ventral cylindrical portion, the centrum, 
concave in front, convex behind (proccelous), from which 
rises up on each side a vertical plate, the neural process 
or neurapophysis : this, uniting with its fellow in the 
middle dorsal line, incloses the neural arch, which is 
produced at its apex into a short, backwardly directed 
neural spine. 

9. The zygapophyses.horizontal processes, two anterior, 
given off one from each side of the anterior border of the 
neural arch, and two posterior, similarly related to its posterior 
border : the anterior pair bear smooth articular facets on 
their dorsal surfaces, the posterior pair on their ventral 
surfaces. 

10. The capitular facets, one on each side of the 
vertebras, at the junction of the centrum and neural arch 
and close to the anterior border of the latter : they serve for 
the articulation of ribs. 

Tt. The mode of articulation of successive vertebrse : 
each fits by the concave anterior face of its centrum against 
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the convex posterior face of the centrum next in front, 
while its anterior zygapophyses are overlapped by the pos- 
terior zygapophyses of the preceding vertebra. 

12. The intervertebral foramina, spaces between the 
neural arches of successive vertebrre, due to the fact that 
each neurapophysis is notched, slightly in front, more deeply 
behind. 

13. The cervical vertebrae, with the exception of the 
first two, resemble the thoracic in essential respects, but are 
proportionally shorter from before backwards. 

14. A sub-vertebral wedge-bone {autogenous hy- 
papopbysis) is developed in connection with the ventral 
face of the centrum of the third cervical vertebra at its 
anterior end : it forms a small downwardly directed process, 
its anterior face furnishing part of the concave anterior 
surface of the vertebra. 

15. 'I'he second cervical vertebra or axis, distinguished 
by the short conical odontoid process projecting forwards 
from the anterior face of its centmm, and constituting 
a separate ossification or os odontoideum. The axis, 
like the succeeding vertebra, has a sub-vertebral wedge-bone. 

16. The atlas, or first cervical vertebra, a ring-like bone, 
consisting of tiirce separate ossifications, one ventral, re- 
presenting part of the centrum, the others dorso-lateral, 
representing sejiarate neurapophyses : between the latter 
stretches, in the fresh state, a transverse horizontal ligament, 
the space above which represents the neural arch of the 
atlas, while between it and the ventral ossification fits the 
odontoid bone, leyjresenting the dorsal portion of the 
centrum of the atlas. The anterior face of the atlas presents, 
ventrally, a smooth articular facet for the ocdpital condyle 
of the skull (§ 31). 

The posterior tijoracico-lumbar veitebcK differ but 
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little from the anterior or true thoracic, save for the f; 
their centra are somewhat shorter. 

i8. The sacral vertebrae, distinguished by their short 
centra, and by the presence of large, expanded, outwardly 
directed transverse processes, against which the ilia 
(§ I o I ) abut : these processes are formed as distinct 
ossifications, and represent sacral ribs. The curvature of I 
the posterior face of the centrum of the first, and of the I 
anterior face of the centrum of the second sacral vertebrje, 
is somewhat less marked than in the other vertebrse : the 
posterior convexity of the second sacral is more than usually ,] 
pronounced. 

tg. The anterior caudal vertebrae resemble the sacral, ,| 
but have longer centra, slenderer transverse processes, and J 
longer neural spines. 

ZD. The chevron bones, attached to the ventral faces ] 
of the centra of many of the anterior caudal vertebrte ; each \ 
is V-shaped, the paired upper limbs of the Y articulating ' 
with facets immediately heneath the posterior convexity of 
the centrum, while the stem or lower-limb is free and takes 
a direction downwards and backwards. 

2 1. The posterior caudal vcrtebne undergo a gradual 
simplilication of structure towards the distal end of the tail, 
being finally reduced to small rod-like centra. 

In all the caudal vertebriE but a few of (he unterior ones, there ia 
a transverse vertical zune o( the centrum which reiuBins unossiSed, and I 
along which the vertebra readily separates : many lizards lose theb I 
tails by the parting of the t^sues across one of these weak places, and | 
a new tail i^ formed, the supporting axis of whicli is not divided into | 
vertebra, but ccui^sts of an unjoinled calcified rod. 

IV. Make out the characters of the ribs and sternum , 
as follows : — 
3x. The sternum, (Fig. 39,p.i57, j/), a rhomboidal plate J 
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of cartilage, with a small central fontanelle, and produced 
posteriorly into two slender Rattened comua (s^ : with the 
antero-lateral edges of the sternum the shoulder-girdle 
articulates (§ 84), to its postero-lateral edges and cornua the 
sternal ribs are miited (§ 23). 

23. The five anterior thoracic ribs : each consists of a 
dorsal bony portion (vertebral rib) articulated to tlic 
corresponding vertebra by an undivided head, and of a 
ventral cartilaginous portion (sternal rib) attached to tlie 
sternum. The first three sternal ribs are united with the 
postero-lateral edges of the sternum, the fourth and fifth 
with its cornua (see Fig. 39). 

24. The posterior thoracic ribs do not meet the sternum, 
and undergo a gradual diminution in size from before back- 
wards, the sternal rib being finally reduced to a small 
cartilaginous tip to the vertebral rib (see Fig. 59). 

I 25. The cervical ribs, occurring in connection with all 
but tjie first three cervical vertebra : tho.se belonging to the 
fourth and fifth vertebtje are short and flattened, the others 
resemble tlie thoracic ribs, but do not reach the sternum. 
V. In the skull, note — 
'. 26. Its general shape : it has a somewhat pyramidal form, 
I the base of the pyramid being represented by the hinder 
surface, tlie apex by the anterior extremity. 

27. lis dorsal surface is formed by a large number of 
roofing bones, in which it is often difficult to distinguish 
the sutures or lines of junction between the bones from 
the depressions marking the insertions of the overlying 
ei)idermic scales, 

28. The roofing bones are continued over ihe lateral 
surfaces of the skuti, bounding the orbits or cavities for the 
eyes, and joining with the bones which constitute the 
alveolar margin along which the teeth are ranged. 
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ag. On either side of Ihe anterior extremity of the skull is 
an aperture, the anterior nasal fossa, in which, 
undried skull, are seen the cartilages bounding the external 1 
nares (§ 70, Fig. 37). 

30. The foramen magnum (Fig. 37, f.m), a median I 
rounded aperture on the hinder surface of the skull, leading 1 
into the brain cavity. 

31. The occipital condyle (Figs, 35 and 37, o.c), a I 
rounded surface beneath the foramen magnum, articulating 
with the atla<!. 

32. The posterior temporalfossEe.twolargevacuities, ' 
one on cither side of and above the foramen magnum : they 
are bounded above and on the outside by the roofing bones, 
and on the inner side by the bones which limit the foramen 
magnum and form the actual roof of the brain cavity. 

33. The parotic process {Fig. 37, p.oc), a hori 
bar of bone, extending on each side directly outwards from 1 
the side wall of the brain-case and bounding the posterior ' 
temporal fossa below : the part of the wall of the brain-case 
from which it springs lodges the organ of hearing, ; 
auditory capsule. 

34. The posterior nasal fosSEc, small paired apertures 
on the ventral surface of the snout, at about the level of the ■ 
front edge of the orbit. 

35- ITie palatine foramen, a large oval apertur 
each side, just behind the posterior nasal fossa, and internal I 
to the hindermost teeth. 

36. The inferior temporal fossa, a large vacuity, 1 
separated by a bony bar (the transpalatinc, § 61) from ] 
the palatine foramen, and bounded exteroally by a number of I 
small scale-like bones which continue backwards the | 
alveolar margin. 

37. The glenoid surface, for the articulation of the J 
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lower jaw ; a p alley-shaped surface, forming the hinder angle 
of the inferior temporal fossa, and borne by a curved bone^ 
the quadrate {§ 53). 

38. The basis cranii, a broad plate forming the floor of 
the brain-caae, and continued forwards in the perfect skull 
by the interorbital septum (Figs. 35 and 37, i.o.s), a 
plate of cartilage forming a median vertical partition between 
the orbits {§ 69), 




Fig. 35. — Lacerta agilis. Loni-itudiDal vertical section of the 
sliuU (nfler W. K. Parker, sliglilly altered) X 4. The carliUginous 
parls are distinguished bjr dotting, the memlitanous spaces tiy croa;- 
hatching. 

all, aliaphenoid : ko, baaioccipital : i.fil, basi pterygoid : b.s, basi- 
sphenoid : t.o, eioccipital : /p.o, epiotic ; t.fl, epiplerygoid : ja, fon- 
tanelle : /r. frontal : i.e.s., interorUlal septum : «j, nasal : ii,c, occi- 
pital condyle : ap.o, opisthotic: fa, parjelal :fa.s, pamsplienoid -.pjnx, 
preuiiutilla : fr.a, prootlc : i.mx, scpto-maxillary : r.ii, seplum nasi; 
t.o, supraocci|iital ; va, vomer . f— XII, foramina fir exit of tile cere- 



39. The tympano- eustachian fossa, a depression just 
external lo the basis cranii and bounded by the ijuadrale ; 
against its dorsal wall lies a small rod of bone, the 
»lumella auris (§ 65, Fig. 36). 
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40. The parietals (Fig. 35, pa), flat paired bones, (used 
together in the middle line, and forming the posterior median, i 
portion of the skull roof: they arc perforated in the middle 
line by a small aperlure or fontanelle {fo) : each parietal 
sends off from its postero-exlernal angle a process which 
passes outwards, downwards, backwards, and comes in con« ■ 
lact with the outer end of the parotic process. J 

41. The frontals (fr), immediately in front of the 
parietals, to which they are articulated by a straight 
transverse coronal suture : anteriorly they terminate at 
about the levt! of the front border of the orbit : they are 
separated from one another by the delicate median 'frontal J 
suture : in front each frontal gives off a descending process, T 
which, passing vertically downwards, forms part of theij 
anterior wall of the orbit. 

42. The nasals (im), paired bones extending from thf 
anterior border of the frontals to the posterior border of the'^ 
anterior nasal fossa. 

43. The premaxilla(/.OTj;), a median bone forming th& I 
extremity of the snout : it consists of an alveolar portion I 
bearing the four anterior teeth of each side, and of a nasal 
process, which extends upwards, between the anterior nasal J 
fossiu, to meet the nasals. 

44. The maxillse, paired bones, continued backwards 
from the outer ends of the premaxiOa along the sides of the , 
skull : each consists of an alveolar portion bearing the 
remainder of the teeth, a narrow palatine plate, extending 
horizontally inwards from the bases of the teeth, and an 
ascending process, which extends upwards between tlie orbit 
and the anterior nasal fossa, articulating with the nasal 
and prefrontal (§ 48), and forming the lateral wall of llie 

45- The jugats, paired bones, each articulated to the ' 
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r corresponding maxilla, and forming the posterior half of 
[■ the ventral boundary of the orbit, and the ventral half of its 
I posterior boundary : a process of it extends forwards, within 
I the maxilla, almost to the anterior boundary of the orbit : 
Fits posterior inferior region is produced into a blunt, back- 
ward ly -dire c ted spur (see § 47). 

46, The postorbitals, roofing bones, articulating -one 
i with the outer border of each parietal. 

47. Between the outer border of the postorbital, the anterior border 
I of the quadrate, and the posterior border of the jugal, lie a number of 
[ imall, irregular, »:a1e-Iike bones, which form 3, conltnuous bony sheet 
' behind the orbit, covering the posterior portion of the jugal, to see which 

they must be removed. 

t3. The prefrontal, a small bone, intercalated on each 
[ aide between the anterior lateral region of the frontal and the 
[ ascending process of the maxilla, and extetiding downwards 
■ to the anterior border of the orbiL 

49. The supraorbitals, two rows of small bones form- 
ing the upper boundary of each orbit : the inner row, 
articulating with the outer border of the frontal, and extend- 
ing between the prefrontal in front and the posiorbital 
behind, consists of four bones, of which the foremost and the 
hindmost are considerably smaller than the intermediate 
ones : the outer row consists of five small bones, the 
hindmost of which forms the upper part of the posterior 
border of the orbit, while the others bound its dorsal 
^H bonier. 

^^fe 50. The lacrymal, a small bone perforated by an 
^^H aperture for the lacrymal duel, situated just within the 
^^H.antcrior boundary of the orbit, and articulating exlernally 
^^Hiwith the ascending process of the maxilla. 
^^K 51. The suprat em p orals, two bones on each side, of 
^^Hwhich the first overlaps the posterior edge of the postorbital. 
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while the second is a small sickle-shaped bone, closely 

applied to the outer surface of the external process of the 

parietai. 

' $2. The squamosal, a similar bone to the second or 

hinder post-temporal : it lies external to the latter and 

beneath the first post-temporal, which must be removed to 

show it. 

53. The quadrate, a stout bone articulating dorsally 
with the parotic process, and furnishing at its distal end the 
glenoid surface for tlie articulation of the mandible ; it is 
strongly curved, convex anteriorly, and hollowed out behind. 
"■ 54. The basioccipital (Fig. 35, i.o), a median bone 
forming the posterior part of the basis cranii, and furnishing 
the middle third of the occipital condyle {o.c). 

55. Lai^e paired bones forming the lateral boundaries 
of the foramen magnum, furnishing the outer thirds of the 
occipital condyle, and continued outwards as the parotic 
processes : each consists of the ankylosed exoccipital, (e.o) 
(posterior portion), and opisthotic {op.a) (anterior portion). 

56. A median bone completing the foramen magnum 
above, and continued upwards as the vertical sagittal 
crest to the parielals : the median portion of this bone is 
the supraoccipital (s.o), its lateral portions represent the 
epiotics (dji.a.). 

57. The prootics (pr.o), paired bones continuing for- 
wards the combined exoccipitals and opisthotics with wliich 
they articulate posteriorly, thus forming the anterior half of 
the side walls of the brain-case : above they articulate with 
the epiotics. 

58. The pro-, epi-, and opisthotics together form the 
auditory capsule : the cavities for the three semi- 
circular canals can be seen through' them (Fig. 37, a.s.c, 
j'.s.c, A.S.C). 
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59. The basisphenoid (Fig. 35, b.s), continuing forwards 
the basioccipital, with which it articulates by a straight 
transverse suture, and thus forms the front half of the basis 
cranii ; its lateral edges give off the outstanding basiptery- 
goid processes {b-pi), its front edge is continued into 
a dehcate bony style, the parasphenoid (/^a.j), which 
underlies the posterior portion of the intetorbital septum, 

Co. The pterygoids, elongated paired bones oe the 
ventral surfaces of the skull, forming the inner boundaries 
of the inferior temporal fossse : each articulates with the 
corresjxinding basipterygoid process, is continued back- 
wards and outwards as a process which applies itself against 
the inner face of the quadrate, and is continued forwards 
to about the middle of the inner edge of the palatine 
foramen, sending off at the hinder boundary of that fora- 
men a short, outwardly directed process. 

61. The transpalatine, or os transvcrsura, a stout 
bone extending between the maxilla externally and the 
pterygoid internally, and forming, with the process of 
the latter mentioned at the end of the last paragraph, 

^ the postero-esternal boundary of the palatine foramen. 

6a. The palatine, a flat bone continuing forwards the 
anterior process of each pterygoid, and with it completing 
the inner boundary of the palatine foramen : anteriorly 
it sends a process outwards to the maxilla, thus completing 
the palatine foramen in front, and is continued forwards 
for a short distance, furnishing the hinder boundary of the 

'posterior nasal fossa. 

63. The vomers {vo), paired bones lying close to one 
another in the middle line, in front of the palatines, by 
which they are embraced posteriorly, while in front they 
articulate witli the premaxilla and maxilla ; they are strongly 

.■convex below, concave above. 



64. The epipterygoid {e.pt.) (so-called columella}, a J 
slender rod of bone, lying just in front of and external toJ 
the anterior edge of the prootic : below it articulates with J 
the pterygoid, above with the prootic. 

65. The columella auris (Fig. 36), a small rod of J 
combined bone and cartilage, lying in the dorsal wall of the I 
tympanic recess : its inner end is inserted into the fenestra J 
ovalis, a small aperture between the prootic and opisthotic,.! 
while its outer end is, in the entire head, fixed to the inn»/] 
surface of the tympanic membrane. 




Fig. 36.— Lacctta agilis. The columella auris (after W. K. Parker) 1 
X 14. The cartilaginous parts are dotted. 

e^t, extra stapedial 1 i.$t, infra-stipedial ; m.it, medio-slapedial : 
s.sl, fupra-stapediAl : il. stapes. 

The columella auris consists of tbe following distinct parts whid) 
are only to be made out by careful dissection of an entire head \ (a) the 
stapes, (j^), a small cartilaginoua nodule in tbe fenestra, ovalis : (£) the 
medio- stapedial {m.st\, a bony bar connected with the stapes, the 
ossilicatioii from it extending into Ibe latter : (i') a cartilaginous rod 
contiQuous with the distal end of tba medio -stapedial, sending off a 
downwardly directed process, the infra-stapedial (i.rt), and expanding 
al its outer or free extremity into a bar set transversely to the rest of the 
columella like tbe bead of a hammer : the lower somewhat pointed end 
of tliisbaris theextra-stapedial (r.i/) : its dorsal extremity, tbe supra- 
stapedial (j.rf) is blunt and rounded, and gives off a process which 
becomes connected with the auditory capsule. 

66. The vagus foramen (Fig. 35, IX, X, XI,), a small 
aperture in the combined exoccipital and opisthotic, behind 
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^H and below tlie fenestra ovalis, and serving for the passage 
^H.of llie 9th, toth, and nth cerebral nerves: the 12th 
^^Kneive makes its exit by two small condylar foramina in 
^H t^e posterior part of the exoccipital (XII), 
^H 67. A notch' (V) in the anterior border of the prootic, 
^H converted into a foramen in the complete skull by the 
^H membranous side-walls of the anterior moiety of the brain- 
' case (§ 69); it transmits the sth and 7th nen'es ; behind 
and below it and also in the prootic is the internal 
auditory meatus for the exit of the Sth nerve (VIII). 

I VI, The foregoing sections, with the eiceptioa of the part of g 6j 
in small type, can be made out on the dried skull : for the 
following sections prepare a second skull with great care, 
giving special attention to the preservation of the interorbital 
Beptum ; boil it io water for a few minutes, and then carefully 
remove the roofing bones, the premaxilla, maxilla, vomers, 
palatines, transpalatines, and pterygoids : note 
68, By the removal of the above-mentioned membrane-bones, the 
primordial skull or chondro cranium (Fig. 37) is left, and is seen 
to consist of cartilage c:)ntaining certain endogenous ossificalions or 
cartilage bones, namely the basi-, ex-, and supraoccipitai, the basi- 
sphenoid, and the pro-, epi-, and opisthotic. 

69. The interorbital septum (Figs. 35, 37, I'.o, i), a median vertical 
plate of cartilage continued forwards from the anterior border of the 
1uisi!jphenoid to the junction of the palAines and vomers, whence it 
Turther extends as the septum nasi (s.n) to the end of the snout, 
forming the partilion between the nasal sacs ; the dorsal edge of the 
interorbital septum closely undertie.t the anterior part of the brain, 
and gives off, on each side, a partly cartilaginous partly membranous 
plate, directed upwards and ontwirda, which, imiting behind with the 
prootic, abnve with the skull roof, and in front with the descending 
processes of the fiontats, furnishes a side-wall (o the anterior part 
of the brain-case : the interorbital scptnm and its wings have in trans- 
verse section the form of a Y. Paired ossifications in the posterior part 
ofthemembrano-carlilaginaa^ skull walk represent the alispbeTK)ids(ii/,j). 

70. The nasal capsulea (Fig, 37, «a), rounded cartilaginous enclo- 
^^ BnreB,lyingone on either aideofthe septum nasi, of which they are lateral 
^^L developments ; eachcousislsofa roof which springs from the dorsal edge 



mHW r>nr' -'— —' Jirctlly outwards, and then ben^'ing 
t^lit^t^ Ittc latenil wall of iJie capsule, finally tnruing u 
LtlKt<Bc»r Iheseplumtofi.rmitiin-nir. Knch capsule; 




Ftc, 37.— Lacerta viridis. The chondrocranium from ahove (aftetJ 
W. K. Parker) X 4- The cartilaginous parls ore dotted, the n 
branouK spajiei cross-hatched. 

al.s, alisphenoid ; a.i.c, position of anterior aemicirculBr canal : 
dtemal nares : rjt, epiotic ; *jV, epipterj^oid : /, m, foramen magnnm ; 
j%, rontanelle: h.sx, podtion of horizontal Eemiciccnlar canal; i.e.s, 
interorbital septum : no, nasal cafeule : o.c, occipilal condyle : f.ae, 
parotic process ; pr.a, prootic ! p.s.e, position of posterior semicircular 
canal ; i.n, septum nasi : s.a, supraoccipital . 



foraled by the anterior nares in front, by the posterior nares below, 
by the fgramen for the olfactory nerve behind, and above by a ere*- J 
-ntic slit, Ihe olfactory (euestra. 
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71. A cartil^nons process, the inferior turbinal, passes inwards 
from the anterior part of the lateral wall of the olfactory capsule, 
and serves to increase the Eiuface of the olfactory mucous membrane. 

7Z. The sept o-m axillary (Fig, 35, j.bjj:), a small (paired) oodule 
of bone, attached to the Fide of the nasal septum near its anterior 

L VII. In each ramus of the mandible nuke out the 

H following bones : — 

i 73- The articular, forming tlie proximal end of the 
jaw, and fumisliing both the cavity for articulation witli the 
quadrate, and the backwardly produced angle or angular 
process of life mandible : from its anterior or distal end, 
whicli is enclosed in a sheath formed by the dentary (§ 76) 
the slender Meckel's cartilage is continued forwards 
to the symphysis or point of junction of the two rami. 

74. The angular, a splint-like bone covering the ventral 
edge and the lower half of the outer surface of the articular, 
but leaving the angular process exposed. 

^75- The supra-angular, similarly related to the dorsal 
ge and the upper half of the outer surface of the articular. 
76. The dentary, forming the main part of the distal 
portion of the mandible and bearing all the teeth. 

77. The splenial, a flat splint applied to the inner face 
of the dentary, and fitting, at its hinder end, into a notch 
between the articular and the angular. 

78. The coronary, a small somewhat conical bone, 
forming the upwardly directed coronoid process im- 
mediately behind the last tooth : it articulates with the 
articular, dentary, and splenial. 

VIII. The hyoid apparatus (Figs. 39 and 40) consists 
of the following parts : — 

79. The body of the hyoid or basi-hyal (Fig. 40, 
^,\r), a median flattened rod of cartilage, pointed in front. 

_ So. The anterior cornua {a.tro), paired rods of carlilage, 
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exiending from the basi-hyal at first outwards and forwards, 
and then, almost immediately, outwards and backwards, 
curving round tlie gullet, and finally coming in close 
contact with the ventral surface of the auditory capsule. 
The short ventral portion of the anterior cornu is the 
hypo-hyal, the next considerably expanded portion is 
distinguished as the cerato-hyal, the dorsal slender part 
is the stylo-hyal. 

8i. The middle cornua (m.co), paired rods springing 
from the basi-hyal just posterior to the anterior cornua, to 
which they run more or less parallel : the prcKimal ends are 
ossified. The middle cornua represent the first branchial 
arch. '* 

8z. The posterior cornua (fi.co), paired cartilaginous 
rods, springing from the posterior edge of the basi-hyal, and 
passing backward and slightly outwards : Ihey represent the 
hypo-branchial region of the second branchial arch (see 
description of the skate's branchial arches p. 38, § 41), 

83. A small curved cartilaginous rod attached by fibre to 
the dorsal end of each middle cornu : it probably represents 
the dorsal or epibranchial region of the second branchial 
arch. 

IX. In the shoulder-girdle note 

84, The coracoids (see dotted outline in Fig. 39), flat 
paired bones articulating with the antero- lateral edge of the 
sternum ; each furnishes the central half of the glenoid 
cavity for the articulation of the humerus, and is divided 
by a large fenestra into an anterior bar, the precoracoid, 
and a posterior portion, the coracoid proper. 

85, The scapulae, articulating each with the outer 
extremity of the corresponding coracoid, and forming the 
dorsal half of the glenoid cavity. 

86. The suprascapulse, continuous with the expanded 
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dorsal extremities of the scapulaj, and passing inwards 
towards the vertebral column : they expand gradually to the 
dorsai edge, and consist, like the sternum, of partly calcified 
cartilage, the remainder of the shoulder-girdle being formed 
of true bone. 

87. The interclavicle, a cruciform bone, having a long 
posterior liinb directed backwards over the ventral surface 
of the sternum, a short anterior limb, and long lateral limbs 
passing directly outward a little anterior to the level of the 
glenoid cavities. 

88. Tlie clavicles, flat curved bones, articulating in the 
middle central line with one another, and with the anterior 
limb of the interclavicle, and passing at first directly 
outwards, then outwards and upwards to the anterior border 
of the suprascapula to which they are united by fibrous tissue. 

X. In the fore-limb make out the following ;— 

8g. The general composition of the limb : it consists of 
a proximal division {skeleton of the brachium, §117) con- 
taining a single bone, the humerus ; a middle division 
(skeleton of the ante brachium), containing two bones, 
a smaller, internal, the radius, and a larger, external, the 
ulna ; and a distal division the manus, consisting of a 
carpus or wrist, and of five digits. 

90. The position of these parts : the humerus is directed 
from its proximal or attached end, backwards, upwards, and 
outwards ; the ulna and radius pass, from their articulation 
with the humerus, downwards and slightly forwards; the 
manus has its digits directed forwards and outwards. 

gi. If the Hmb is extended at right angles to the long 
axis of the trunk, it presents a dorsal and a ventral 
surface, an anterior or pre-axial and 3 posterior or 
post-axial border; the radius is then seen to be pre- 

ial and the ulna post-axial. In the ordinary position :he 
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pre-axial border of the humerus is external, and in 
arm, the distal end is rotated in such a way that ' 
pte-axial border looks forwards and outwards at the 
proximal end of the fore-arm, it looks directly inwards at 
its distal end : the manus, being rotated with the fore-ann, 
lias its pre-axiat border inwards. 

92. The humerus, an elongated bone, consisting of a 
shaft of true bone and of proximal and distal extremities or 
epiphyses of calcified cartilage. Its proximal end or 
head is rounded, and articulates with the glenoid cavity : 
on tlie pre-axial or r.idial border the siiaft is produced into 
a large process, the radial tuberosity, on its post-axial 
or ulnar border into a smaller ulnar tuberosity, the latter 
being partly formed by the proximal epiphysis. At the distal 
end of the humerus is the pulley-like trochlea, divided 
into a smaller radial and a larger ulnar articular surface ; the 
distal end of the shaft has its pre-axial border produced into 
the external or radial condyle, its post-axial border into 
the internal or ulnar condyle, both processes im- 
mediately proximal to the trochlea. 

93. The radius, a slender bone consisting of an ossified 
shaft and of two calcified epiphyses : the proximal end or 
head is disc-shaped and slightly excavated for articulation 
with the humerus, the distal extremity is wide from side to 
side, concave for articulation with the carpus, and produced 
pre-axially into the radial styloid process. 

94. The ulna, also formed of shaft and epiphyses ; its 
]3roximal end is produced into a blunt upwardly- directed 
process, the olecranon, which, along with the actual 
proximal end of the bone, furnishes the concave sigmoid 
cavity, or articular surface working over the trochlea of the 
humerus. The distal end of the ulna is convex and 
articulates with the carpus. 
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^^P 95. The carpus, consisting of ten small nodular bones, 

^^P or rather calcified cartilages ; three of these form a proximal 

^V row, the radiale, articulating with the radius, the ulnare, 

^H with the ulna, and the minute interniedium l)etween 

^H them : five others of much smaller size form a distal row 

^H and give attachment one to each of the metacarpals (§ 96) ; 

^H these are called carpalia, and ore distinguished by numbers, 

^B that on the radial or preaxial side being carpale i : a 

ninth bone — the centrale,^forms by itself a middle row, 

being intercalated between the radiale, ulnare, and second, 

third, and fourth carpalia : the tenth bone— the pisiform 

or accessory ossicle— is attached to the post-axial side 

of the distal epiphysis of the ulna. 

96. The bones of the digits : the first or pre-axial digit 
(pollex) consists of three bones, a metacarpal, articulating 
with the first carpale, followed by two phalanges ; the 
second of a metacarpal and three phalanges ; the third of 
a metacarpal and four phalanges; the fourth of a meta- 
carpal and five phalanges ; and the fifth of a metacarpal and 
three phalanges. 

97. The distal or ungual phalanges have something the 
form of the homy claws which they support ; the remaining 
phalanges and the metacarpals are rod-like bones, each 
consisting of a bony shaft and a calcified proximal epiphysis, 
the distal extremity of the bone being ossified from the shafl. 

XI. Observe the characters of the pelvis as follows : — 

98. It consists of two tri-radiate bones, the ossa in- 
nominata, the dorsal limbs of which articulate with the 
sacrum, while the two ventral limbs unite, each with its 

I fellow of the opposite side, in the middle line. 
99. The acetabulum, a rounded concave pit, at ihe 
Junction of the three limbs of the innominate bone, and 
serving for the articulation of the femur (§ 1 10). 
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TOO. Each limb of the os innominatiim is 
bone, the three meeting in the acetabulum in the tri-radiate 

loi. The ilium or dorsal ossificfition of the innominate 
bone : it is an irregular rod, flattened from side to side, and 
passing from its sacral articulation downwards and forwards; 
to the acetabulum, of which it forms the dorsal third. 

iDz. The pubis or an tero- ventral pelvic bone: it is; 
somewhat flattened from above downwards, and forms the 
antero-ventral third of the acetabulum, whence it takes a 
direction downwards, forwards, and inwards to meet it» 
fellow in the median symphysis pubis (see dotted 
outline in Fig. 39). 

103. The prepubis, a small rhomboidal nodule oE* 
calcified cartilage, siluated in the middle line between tl 
anterior ends of the pubis. 

104. The ischium, or postero-ventral pelvic bone, an 
irregular flattened bone, forming the postero-ventral third of 
the acetabulum, and passirg downwards and inwards to meet 
its fellow of the opposite side in the symphysis ischii, 
strip of calcified cartilage being interposed between the two 
bones. 

105. The foramen cordiforme, a heart-shaped space 
bounded by the pubes in front, and the iscliia behind : in the. 
recent state a median ligament divides it into pairei' 
obturator foramina. 

106. The OS cloac:e, a small rcxl of houc passing horizonlally bacfc 
w^rds from the symphysis ischii in the ventral wall of the cloaca 

XII, In the hind limb note 

107. Its general composition ; it consists of three divisions; 

a proximal, consisting of a single bone, the femur ; a middle 

division or crus, consisting of two bones, a larger internal, 

the tibia, and a smaller, external, (he fibula ; and a distal 
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division or pes, consisting of a tarsus or ankle, and of five 
digits. 

io8. The position of the bones i the femur is directed 
from its proximal end forwards, upwards, and outwards ; the 
tibia and fibula pass from their articulation with the femur 
almost directly downwards; and the digits are directed 
forwards and outwards. 

109. If the limb is extended at right angles to the long 
axis of the trunk, it presents, like the fore-limb (§ gi), 
dorsal and ventral surfaces, and pre- and post-axial borders : 
it is then found that the tibia is pre-axial, and the fibula 
post-axial, and that, in the ordinary position of the parts, the 
pre-axial border, in all three divisions of the limb, is internal. 

no. The femur, a stout, slightly-curved bone, consisting 
of shaft and epiphyses, the proximal epiphysis being, how- 
ever, hardly distinguishable in the adult. The proximal end 
of the bone is produced into a prominent ovoidal head for 
articulation with the acetabulum ; below and internal (pre- 
axial) to the head is a large process representing Ihe lesser 
trochanter; the post-axial greater trochanter is almost 
obsolete. The distal end of the bone is pulley-shaped, and 
forms internal (pre-axial) and external (post- axial) 
condyles for articulation with the tibia. Immediately above 
(proximal to) the external condyle is a process serving for the 
articulation of the fibula, and answering to the external 
tuberosity. 

1 1 1, The tibia, a stout, greatly-curved bone, consisting 
of shafl and epiphyses : along its anterior (dorsal) face runs 
the longitudinal cnemial ridge, which is especially 
pronounced at the proximal end, giving the bone a triangular 
transverse section : the proximal end presents two surfaces, 
Ihe internal and external tuberosities, for articulation 
ith the condyles of the femur. 
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iiz. The fibula, a slender bone also consisting of sTial 
and epiphyses : its proximal end or head is narrow, and! 
articulates with the external tuberosity of the feranr : its 
distal end is widened laterally for articulation with the I 
calcaneum (§ 114). 

1(3, Between the femur and the tibia ii a thin, cartilaginous plate, 1 
incomplelely divided inlo two portions which answer to the internal | 
and external semi-lunar tibro-caitilagcB of man \ each halfcc 
two calcificafions or sesamoid bones which, in the dried skeleton, ' 
are seen to be interposed two between each femoral condyle and the I 
corresponding tibial tuberosity. A large sesamoid bone is situated to ' 
the outer side of this cartilage, and is interposed between the head of 1 
the fibula and the external tuberosity of the femur. There is al^o « ! 
small sesamoid attached to the ventral surface of the femur, just abav« J 
(proximal to) the external condyle. 

1 14. The tarsus, consisting of three bones divisible into 
a proximal and a distal row : the proximal row consists of a 
single large bone, the tibio-fibulare, representing the 
ankylosed tlbiale or astragalus and fibulare or cal- J 
caneum ; it presents two concave articular surfaces on its I 
proximal side for the tibia and fibula ; distally it articulates J 
by a somewhat pulley-shaped starface with the distal tarsals. 
Of these latter— the tarsalia — only two are separate bones 
in the adult ; one of these (tarsale 3) being a small, 
calcified nodule in contact with the proximal end of the I 
third metatarsal, the other (cuboid or tarsale 4) a larger | 
bone giving attachment to the fourth and fifth metatarsals. 

The Grst and second tarsalia are ankylosed in the adult v 
proximal ends of the corresponding metatarsals ; the fifth tarsale u 

115. The bones of the digits correspond in number and 
form (o those of the manus, each consisting of a metatarsal 
with two, three, four, five, and three phalanges respectively j 
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[ fee metatarsal of the first or pre-axial digit (hallux) and 
f that of the second articulates with the tibial side of the 
tibio-fibulare, the remaining metatarsals with the larsalia, 
s described above (§ 1 14). 
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XIII. Make out the following external characters : — 

116. The elongated, flat-sided trunk, separated in front 
by a slight constriction or neck, from the pyramidal, some- 
what depressed head, and passing behind into the 
cylindrical tapering tail, which, in uninjured specimens, 
may be nearly twice as long as the head and trunk together. 

117. The fore-limbs, springing one on each side from 
the anterior end of the trunk, towards its ventral aspect : 
when extended at right angles to the trunk, each is seen to 
present a dorsal and a ventral aspect, an anterior or pre- 
axial, and a posterior or post-axial border ; and to consist of 
three divisions, a proximal, the upper arm, or brachium, a 
middle, the fore-arm, or antebrachium, and a distal, the 
hand, or manus ; the latter is terminated by five clawed 
digits, of which the first, or pre-axial, is the shortest, and is 
distinguished as the thumb, or pollex ; the fifth, or post-axial 
digit, is next in size, then comes the second, while the 
third and fourth are of nearly equal length (cf. §5 89—97). 

118. The hind-limbs, springing one on each side from 
the posterior end of the trunk, towards its ventral aspect ; 
they present the same surfaces and borders as the fore-limbs, 
and are similarly divisible into three regions : a proximal, 
tJie thigh or femur ; a middle, the shank or cms ; and a 
distal the foot, or pes : the latter, like the hand, is terminated 
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by five cinwed digits ; of these the first is the shortest^ 
the second and fifth are of nearly equal length ; the fifth, 
however, being the slenderer, and appearing shorter from 
ihc fact that it arises nearer the proximal extremity of 
the hand ; the third is considerably longer than the second, 
nnd the fourth slightly longer than the third (cf. §5 
-IIS). 

1 1 9. The large mouth, the gape beginning at the end 
tl)c snout and extending backwards nearly to the auditory 
npcrtures (g 122}. 

130. The nostrils, or anterior nares, small, rounded 
ajiurtures. situated one on each side of the snout, a short 
distance from its anterior end. 

lai, The eyes, situated one on each side of the head, 
iiliout midway between the corresponding nostril and 
autlitory aperture {§ 122) : each is guarded b)' a short, thick 
Upper eyelid, and a deep, thin lower eyelid, which, 
when the eye is closed, covers the greater part of it : within 
theeyelidsisthe thin, transparent nictitating membrane, 
which springs from the anterior corner of tlie eye and shuts 
backwards over the eye-ba!l. 

122. The auditory aperture, situated a httle posterior 
to the extremity of the gape, and nearly as large as the 
exjiosed portion of the eye ; stretched over it, a little below 
the general level of the head, is the thin tympanic 
membrane. 

123. The vent, or cloacal aperture (Fig. 39, d), a 
large transverse cleft at the root of the tail. 

124. The exoskeleton, consisting of a closely-fitting 
armour of epidermic scales : those on the dorsal surface 
of the trunk are small, hexagonal in outline, and indistinctly 
keeled ; on the ventral surface they are large and are arranged 
in eight longitudinal series ; forming the anterior edge of the 
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on tlie neck they are small, except at its junction with the 
trunk, where there is a transverse fold bounded anteriorly by 
larger scales; on the head, the scales are for the most part 
large, and have a very definite arrangement characteristic 




of the species, many of them receiving distinctive names, i 
Aking the ventral edge of the thigli is a row of apertures I 
(pori femorales) of a series of cutaneous glands. 

'Ilie tjcmis Lacerta is distinguished from Zootoca by the followine 
chnrituleristics : — Ljiceita. is oviparous ; it has two small posterior nas^ 
tunleii bouodiug the nostril behind, and teeth on the palate. Zootoca is 
vivIlHiroiis, it has only one posterior nasal scale, and no palatine teeth. 

llle colonring of the three species is also characteristic. Lncerta 
virhlis is either green or bluish-green, lighter t)eneatb, n 
extenalvely maibled with black, and soinetimes having eilher white 
l]iut«, or one or two while streaks on each side. Lacerta agilis 
In brown above with blaclc spots, green on the sides, and white beneath. 
Zootoca vivipara is olive above, with a while-edged blacidsh streak on 
onch Biile and a central black streak ; the ventral sorfaee is orange and 
bhle (in summer) spotted with black. 

XIV. Place the aniraal in the supine position (ventral 
surface liipwards), and make a median incision 
through the skin from the chin to the anterior 
border of the vent : carefully separate the skin from 
the underlying muscles and reflect it right and left ; 
this is a matter requiring considerable care, 
especially in a fresh specimen, since some of the 
muscles are inserted into the ventral scales (§ 124) 
and are with difficulty separated from them : the ' 
rectus lateralis (§ 125) is almost certain to be 
reflected with the skin. Note 
IBS' The rectus abdominis {Fig. 39, r.v, r.l, r.i), a 
longitudinal paired muscle which, with its fellow of the 
opposite side, forms the median ventral portion of the 
muscialar body wall. It is divided by transverse fibrous 
bands, or inscriptiones tendinex, into segments, the 
longitudinal fibres of which are inserted into the anterior ' 
edges of the median ventral scales. 

The rectus abdominis consists of three portions \ a ventral portion , 
(rectus ventralis, r.v) nrising from the last sternal rib and inserted into 1 
the ischium : an external portion (rectus lateralis, r'./) beginning as a 
thin sheet of fibres between the skin and Ihe pccloral muscle {§ 1 
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Fig, 39. — Lacerta viridis. The chief muscles of the ventral aspect 
of the body (nat. siie), On the ri^ht side the skin is reflected out- 
wards along wilh the rectus lateralis {r,l) and saperiicial layer of the ei« 
' riial oblique (0, ex). 
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The position of (he Kyaidean apparatus, clavicles, interclavide, con- 
coid, and right half of the fitemum, and of the pubes and ischia, arc indi- 
cated by dotted outlines. On the left side (right in the figure), the my- 
lohyoid (m.iy), pecloial (/), and extema.1 obliq^ne (o.tr) muscles are 
removed, as well as the posterior part of the rectus ventralis (/'.f) : by 
the removal of the pectoral the left half of the stemm (rf) is eiposed. 

6i, biceps : il, cloacal aperture : e.mn, cerato-mandibulaiis : li, del- 
toid : f.i, external intercostal: m.i)', mylo-hjoid ; tnn, mandible: 
e^x, obliquus extemus, superfidal portion : a.cx', deep portion of 
the same ; e.iy, omo-byoid : a.i, obliqnus intemus : /, pectoralis ; 
/w, peritotieuin : r,i, rectus intenins ; rJ, rectus lateralis : r.v, rectus 
ventralis ; s.cm, sterao-cleido-mistoideas : s.hy, stemo-hyoidcas : sr, 
serratus ; si, sternum : sf, its posterior prolongations. 

and joining the preceding portion at its insertion : and an internal and ^ 
posterior portion (recttiB intemus, r.fj of triangular form, lying | 
between the ventral portion and the peritoneum, attached behind tc 
puboischialic ligament and gradually thinning oat in front. 

126. The obliquus externus {o.ex, o.ex'), a thin sheet 
of muscle lying external to the rectus, and with its fibres 
taking a direction downwards and backwards (the animal 
being supposed to be in the nonnal attitude). 

It c insists of two layers, a superficial one {o.ex) arising by slips btaa ' 
the vertebral ribs, und with its iibres ending against the outer border of ] 
the rectus lateralis, with which it becomes indistinguishable posteriorly ; 
and a deep portion [fi.tx') lying within (dorsal loj the pectoral, and 
similarly related to the rectus ventralis. 

137. The pectoralis {p), a large paired muscle arising 
from the sternum and sternal ribs, which it largely covers : 
the fibres of its anterior part pass outwards and backwards, 
those of its posterior portion outwards and fonvards, those of 
ils middle region directly outwards, and, converging, are 
inserted into the ventral aspect of the humerus, thus forming 
the chief depressor of the arm. 

i?8, The mylo-hyoid {mJiy), a strong sheet of trans- 
verse muscular fibres passing from ramus to ramus of the 1 
lower jaw. 
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XV. Cut through the origins of both pectoral muscles 
and reflect them outwards : dissect away the 
external oblique and note 
[29. The ribs and sternum, and iheir relation to the 
I body walls (|ee §§ 22-25 ^"1^ Fig. 39). 

' .30. The external intercostal muscles {e.i), filling 

, up the interspaces between the ribs : their fibres run from 

any given rib backwards and slightly downwards to its 



,1. The obliquus intemus {o.i), a thin sheet of 
I .muscle lying between the intercostals externally and the 
■ rectus ventralia internally, and exposed by the removal of 
|:the external obUquc : its fibres pass downwards and forwards. 
XVI. Make a longitudinal incision through the rectus 
ventralis, a little to one side of the median line, 
taking care not to injure the epigastric vein 
{§ 138): continue the incision backwards to the 
pubes, and forwards by cutting through the 
sternum and interclavicle : carefully separate the 
epigastric vein from the surrounding tissues and 
reflect tlie body walls. Note 

132. The ccelome or body cavity, containing the viscera, 
extending in front to about the level of the interclavicle, and 
behind continued beyond the anterior boundary of the pubes 

s the pelvic cavity. 

133. The peritoneum {parietal layer), a thin membrane 
[ lining the ccelome ; in the posterior half of the cavity it is 
i deeply pigmented, in the anterior half colourless, the 

nidary line between the black and colourless portions 
being perfectly sharp. 

134. The liver (Fig. 40, It), a large, brownish organ, 
occupying about the middle third of the body cavity, and 
imperfectly divided into right and left lobes. 
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ends of the rasa deferentia, is removed, as aJao is the right corpus 



^Btai 



. ., ... .r comu of hyoLd : as, azj^os, or cardinal vein : i.Ay, 
bod^ of hyojd ; ^^ caudal vein i cat^, corpus adiposum : cm, cceIIsco- 
mesenteric artery, Ihe branches of which have no reference letters, to 
avind confiising the figure, (see 1 1<|9) : ca, aecam ; cr, carol id artrary ; 
d.ao, dorsal aorta. : dH, daodeaum : a/h, external jugular vein : ep, 
epididymis; cfg, epigastric vein -.f.a, femoral artery : /i", femoral vein : 
g.b, gall-bladder : i.ji, internal jugular vein : U, ileum : i.m, inferior 
mesenteric arteries : k, kidney : Lao, left aortic arch : l.aa, lefi auricle : 
Ig, lungs : /r*, liver ; m.tB, middle coma of hyoid : f.a, pulmonary 
artery : ix, pericardium : /.cd, posterior cornu of hyoid i pn, pancreas : 
fil, pelvic vein ■.pl.c, postcavi vein : pt.v, portal vein : p.-a, pulmonary 
vein : r, rectum : r.att, right auricle : r.h.a, right hepatic artery : se, 
sciatic vein : scl.a, subclavian artery : scl.v, subclavian vein : spl, spleen : 
I/, stomach : i.v, sinus renosus : Ih, thyroid gland : tr, trachea : ts, 
testis ! w, vcMtricle. 



135. The gall-bladder {g.b), an ovoidal sac, situated at 
the lower margin of the right lobe of (he liver, aod having, 
in the fresh state, a green colour, due to the contained bile. 

136. The inteatine {du, il), forming several coils in the 
posterior third of the cffilome. 

137. The corpora adiposa (c.ad), paired masses of fat, 
of somewhat serai-lunar shape, lying immediately in front 
of the anterior boundary of the pelvis, between the peritoneal 
and muscular layers of the body-wall, 

138. The epigastric or anterior abdominal vein 
(epg), a median ventral vessel, running along the inner face 
of the body wall, between the peritoneum and the rectus 
abdominis : posteriorly it is formed by the union of two 
pelvic veins (fl), which are attached to the inner borders 
of the corpora adiposa and receive veins from them : 
anteriorly the epigastric vein enters the left lobe of the liver 
on its posterior face ; two other abdominal veins bring blood 
from the ventral body wall, and enter the liver on its ventral 
/ace at about the junction of its right and left lobes. 



139- The heart (r', r.au, l.au), situated a short distance I 
in front of the liver and enclosed in a delicate membrane, tbcJ 
pericardium. {For the characters of the heart see §§ 19V | 

140. The postcaval vein {pl.i\ a large vessel, usually . 
gorged with blood, passing from the anterior border of the' 
liver forwards to the right side of the heart.' 

141. The lungs (Ig), two transparent, thin-walled saoi'; 
lying one on each side of the postcaval vein between ll 
heart and the liver (see § 213). 

142. More or less of the reproductive organs can' 
usually be seen even without moving the intestines : by 
turning the latter aside the testes of the loale (§ 166) and 
the ovaries (g 169) and oviducts {§ 170) of the female, 
are displayed, 

143. A large vein is also seen, by turning aside the 
intestines, lying between the testes or ovaries, and passing 
forwards to the postero-dorsal region of the liver ; this is the 
hinder part of the postcaval {pt.c). 

XVII. Dissect away the mylo-hyoid (m./iy) and under- 
lying muscles (cmn, o.hy, s.hy, &'c.) until the 
following structures are laid bare; 

144. The trachea {tr), an annulated tube lying in the 
middle ventral hne of the throat 

' The injection of the lizard's vascular system is cmivenieiitly done 
OS follows : liendei the aniirml insensilite with chloToform : lay bore the 
heart as directed (S XVI} taking care not to injure ihe epigaslrlc veitv : 
slit open the pericardium, and cat off the apex of the ventricle {§ 197). 
When ihe hlecding has stopped, pu h a cannula through the wonnd into 
the cavity cf the ventricle and thence into the right aorta (g 199). and tie 
il in place by a ligalare round the base of the veolricle. 
solution of gelatine coloured with carmine, vennilian, or French blue \ 
(ultramarine) is the ttest injecting medium ; it is firm enough to p 
through capQlaries, so that the whole vasi:ular system, with Ihe excep- 
tion of the pulmonaiy vessels, can be injected at one operalioi 
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145. The thyroid gland (M), a whitish, transversely 
^elongated body on the ventral wall of the tracliea, a short 
[ distance in front of tlie heart 

6. The right precaval vein (Fig, 43, p. 172, /r.c), 
situated in the lateral region of the neck, and passing back- 
wards towards the right side of the heart (see § 200) : ii is 
fonned by the union of three veins; the internal jugular 
(Figs. 40 and 43 iju), coming from the lateral region of the 
head and bringing blood from the brain, &c. ; the external 
jugular {e.ju), situated in the middle ventral line of the 
throat, and at its hinder end turning to the right to join the 

I internal jugular; and the subclavian {scl.v), bringing 
Wood from the right fore-limb. 
147, The left precaval, formed by the union of the 
left internal jugular and left subclavian veins : the left 
external jugular is absent, 
14S. The position and relation of the hyoidean apparatus 
m 
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XVni. Make a longitudinal vertical incision through 
the liver, beginning at its anterior border, a little to 
the left (the animal's left, your right) of the post- 
caval, and passing backwards to the right of the 
epigastric vein and gall-bladder ; in this way the 
whole postcaval is left uninjured on the right side, 
and the gall-bladder, with its duct (§ 165), and portal 
(§ 161) and epigastric veins, on tha left.^ Note 
149. The stomach {Fig. 40, si), hitherto concealed 
beneath the liver : it is a tubular organ, of slightly greater 
diameter than the intestine, and with thick, muscular walls. 

' This method ofdi-section is oilopled becuuEe of tbe connection of 
the liver lo the dorsilboHy-waU by Hood-vesselslfig 163, 1 64), » hieh a ra 
raptured if the liver a turned forwards in the or<iiiiiuy way : in fresh, un- 
injected specimens there will i}f coui^elieagDjddeiil of bleeding, but this 
.■ebji-cLion does not npply eiiber t j injected or to spirit specimens. 
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igo. The divisions of the intestines: there is no dis- 
tinction between the duodenum (rf//} or section immediately 
succeeding the stomach and the Ileum (//), or remainder 
of the small intestine : the latter, after one or two turns, 
passes into the large intestine, or rectum (/-), dis- 
tinguished by its greater diameter and by having its anterior 
end produced on the left side into a small blind pouch or 
CEecum. 

igi. The pancreas (/»), an elongated, whitish gland, 
situated in the loop between the stomach and duodenum, 
and continued forwards to the posterior face of the left lobe 
of the liver. 

igz. The gastro-hepatic omentum, a thin sheet of< 
peritoneum extending from the dorsal surface of the liver to: 
the ventral surface of the stomach, and continued backwards 
by the duodeno-hepatic omentum, which similarly 
connects the liver with the first loop of the intestine. 

153. The mesogaster, a fold of peritoneum connecting 
the stomach with the dorsal body-wall. 

154. The mesentery, a similar fold suspending the small 
intestine. 

155. The mesorectum, a backward continuation of the 
mesentery suspending the rectum. 

156. A similar fold attached to the free or dorsal edge of 
the right lobe of the liver, 

157. The spleen {spl}, a small, red body, lying 
mesogaster, near the posterior end of the stomach. 

15S. The dorsal aorta {d.ao), an unpaired longitudinal 
artery lying in the middle dorsal line. 

159. The cceliaco-mesenteric artery (cm), given off 
from the dorsal aorta at about the level of the anterior end 
of the right testis, or ovary, and soon dividing into two 
trunks, an anterior, the c celiac artery, supplying the 
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stomach, sjileen, pancreas, duodenum, and left lobe of the 
liver; and a posterior, the superior mesenteric artery, 
which supplies the ileum. 

c6o. The inferior meEenteric arteriea (i.ai), three small vessels 
arising from the aoita at about the level of the pubes and supplying the 

161. The portal vein {fii-v}, a large vessel lying in the 
duodeno-liepatic omentum, parallel to the pancreas: it 
receives gastric veins from tho stomach, and small 
pancreatic veins from £iie pancreas, and at its dislal end 
js formed by the union of splenic and mesenteric veins 
from the spleen and intestine respectively, 

iGz. The gepante gastric portal veins, two or three small vessels 
taking liloud directly from the stomacli to the liver. 

1153. Two small veins biking blood from the dorsal hjily-wall to the 
right lobe of the liver : by dissecting off the peritoneum they are seen to 
spring from the azygoa (cardinal) vein {oi), a longitudinal tnuik lying 
on the right side of, and dose lo the vertebral column, which receives 
blood from the dorsal region of the trunk, intercostal spaces, &c., and 
joins the precaval close to the entrance of the subclavian. 

164. The right hepatic artery (r.A.a), a small vessel springing from 
the dorsal aorta, and passing parallel to Ibe veins mentioned in % 163 
to the right lobe of the liver. 

165. The common bile-duct, running parallel to the portal vein 
and opening posteriorly into the duodenum : at its anterior end it is 
formed by the union of the cjratic duct from llie gall-bladder aud the 
hepatic duct from the liver it-^'elf. 

/n the male :— 

166. The testes (Figs. 40 and 41, t), two white ovoidal 
bodies, tliat on the right side situated just posterior lo the 
right lobe of the liver, that on the lett somewhat furtbtr 
back. 

167. The epididymis (1^), a whitish, elongated body 
attached to the inner face of each testis, and extending 
backwards into the pelvic cavity (see g 190), 



i68. The mesorchium (Fig. 41, ms.o), a fold of peri- ■ 
Lonenm suspending each testis to the dorsal body-wall : a 
similar fold (b.lg) supports the epididymis, and is attached 
in front along the line of junction of the colourless and 



pigmented regio 






(§ I33). 




Fig. 41, — Lacerta viridis. The male urinogeiiital organs (nat. 
The Teolral ^«lll of the cloaca. Ls removed, tlie bladder is tnnied 
animal'ii liglll, and the peritoneal covering of the left testis aud 
epididymis is dissected away. 

bl, nrinaty bladder : 6 Ig, fold of periloneum supporting epididymis ! 
cl', anterior, and cP, posterior, division of cloaca; cp, epididymis : k, 
kidney : ms.o, mesorcmum : p, copulatory organs, of which the right is 
shown retracted [p] and the left everted (;l) ; r.m, retractor mnsde of latter : 
r, ridge separating anterior and posterior divisions of doaoa : rrf, rectum : 
rcf, its openbg into the cloaca : t, testis : u.g, urinogeoit^ papilla and 
aiierture : v. ti, vas deferens. 
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In Ihi female: — 

169. The ovaries (Fig. 42, tyv) situated further back 
than the testes, the left being partly within the pelvic 
cavity : their surface is raised into hemispherical elevations, 
due (o the ova. 
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-Lacerta viridis. Tbe IciunJi; urinat;onilal organs (nal. 
■(die). Tbe ventral wall of ihe cloaca, tht urinary bladder, the posterior 
end of the left oviduct, aud tbe peritoneal iuTeatment of the left ovary 
and oviduct are removed. 

b.lg, brond ligament : c/*, nnlerior, and f^, posterior, division of 
cloaca: k, kidney : ms.o, niesnarium ; ed, left oviduct : oil, its peritoneal 
aperture 1 i>t/", aperture of right oviduct Into the cloaca : fu, ovary: 
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170. Till,- oviducts {od), delicate, plaited lahns, lying! 
dorsal and external lo the corresponding ovaries, 
extending backwards into the pelvic cavity : for their furthetl 
characters sec § 194. 

171. The mesoarium {ws-o), a fold of peritoneum su»-^ 
pending each ovary to the dorsal body-wall. 

172. The broad ligament {b.lg), a fold similarly! 
susijending the oviduct : its anterior line of attachment!" 
corresponds with the junction between the colourless andl 
pigmented regions of the peritoneum (§ 133). 

In both sexes .■— 

173. The postcaval vein can now be seen to be formed] 
by the union of two veins lying within and parallel 1 
the epididymes or oi'iducts, and of which the right itfa 
considerably larger than the left (Fig. 40). 

174. The whole extent of the lungs can now be s 
they extend backwards lo about the level of the gall-bladder, 
tlie right fitting into a notch on the dorsal face of the right , 
lobe of the liver. 

175. The pleura, a fold of peritoneum connecting each I 
lung with the dorsal body-wall 

XIX. Dissect off the muscles covering the ventral j 
surface of the pelvist and cut away the median I 
portion of the pubes and ischia : also dissect awayJ 
the muscles attached to the inner surfaces of theseB 
bones, portions of which will still be left obscuring 1 
the contents of the pelvic cavity. Note 

176. The cloaca (Fig. 41, cP,e^^) or posterior division ' 
of the alimentary canal, passing insensibly into the rectum 
in front, and opening behind by the vent. 

177. The urinary bladder (W), a thin-walled sac j 
attached by its posterior extremity or neck to the ventral ] 
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wall of the cloaca, and having a bilobed free 
extremity or fundus. 

178. The kidneys (Figs, 40 — 42, i), two dark, reddish- 
brown bodies, situated between the dorsal wall of the pelvic 
cavity and the rectum : their anterior ends are about on a 
level with the corpora adiposa, their posterior ends reach 
back a little beyond the level of the vent : they are irregular 
in shape, adapting themselves to the form of the cavity in 
which they He, and their tapering posterior ends are closely 
applied to one another; they are covered by peritoneum on 
the ventral face only : each consists of two lobes, an anterior 
and a posterior. 

179. The pelvic veins {Fig, 40,//) have already been 
seen (§ 138) attached to the edges of the corpora adiposa : 
traced backwards, each is seen to pass across the ventral 
face of the corresponding kidney, and to be united with its 
fellow to form a single trunk : this latter, which by its 
bifurcation forms the pelvic veins, is the caudal vein (c) ; 
it lies along the ventral aspect of the caudal vertebrte and 
brings back blood from the various tissues of the tail. 

180. The principal renal portal vein, arising from the 
pelvic vein at tho point where it turns outwards across the 
ventral face of the kidney ; it enters the anterior lobe of the 
kidney, supplying it with venous blood : the posterior lobe 
is supplied by smaller renal portal veins springing from the 
hinder part of the pelvic veins. 

iSi. The femoral (/?') and sciatic (sc) veins, two 
trunks, the former from the anterior, the latter from the 
posterior region of the leg, and opening into the corres- 
ponding pelvic vein. 

182. The two trunks which by their union form the 
postcaval vein (§ 173) : the right is considerably the 
larger and is directly continued into the postcaval, while 
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the left crosses ovt:r lo the right bidi; to join its fellow 
about the level ol the origin of the cajlia,cO'mesciiterii 
artery : each trunk receives renal veins from the corrt 
ponding kidney, and unites with its Tellow just anterior 
the bifurcation of the caudal vein. 

183. The femoral artery {/.a}, passing outwards toj 
the iiind limbs between the femoral and sciatic veins t 
origin from the dorsal aorta is best seen at a later stage. 

XX. Cut through the stomach a short distance behind[ 
the lieart, and through the rectum a little anteri< 
to its junction with the cloaca, and remove the. 
alimentary canal between these two points: opei 
the various parts of it by longitudinal iucisioi 
and note 

1S4. The rugcC of the stomach, strong longitudinal ridges 
into wliich its mucous membrane is produced, and the 
pyloric valve, an annular ridge of mucous membrane 
narrowing the aperture between the stomach and duodenum. 

185. The valvulsB conniventes, delicate longitudinal 
ridges on the mucous membrane of the small intestine. 

1 80. The ileo-C£Bcal valve, an annular ridge of 
mucous membrane narrowing the apertiu'e between the 
small and large intestines, and projecting into the latter. 

187. The aperture of the bile-duct in the duodenum. 

XXI. Dissect away the peritoneum from the kidneys 
and reproductive organs, and open the cloaca by 
a ventral longitudinal incision a little to one side. 
of the middle line, so as not to injure the bladder^ 
Make out 

i88. The division of the cloaca by an incomplete ridge' 
of mucous membrane (Figs. 41 and 42, r) inlo two sections, 
an anterior (f/') receiving tlie rectum and a posterior (f/^) 
opening externally by the vent. 
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^^M rSg. The aperture of ihe urinaiy bladder in the ventral 

^^Bwall of the anterior division of the cloaca. 

^^V In the male : — 

^^H igo. The vasa deferentia (Fig. 41, v.d), convoluted 

^^Vtubes, continuous with the epididymes in front, and passing 

^^K" backwards to the dorsal nail of the cloaca. 

^^^^ 191. The urinogenital apertures {i.g), minute aper- 

^^V tures each on the apex of a small papilla on the dorsal wail 

^^V'Of the posterior division of thecloaca. 

^^H 192. By turning aside the cloaca the ureters maybe seen 

^^B as delicate tubes situated between the pelvic and renal veins, 

^^ft and uniting posteriorly with the vasa deferentia. 

^^P 193. The copulatory organs (/), vascular eversible 
sacs, lying on the ventral side of the tail, immediately 
beneath the skin, and opening into the posterior part of the 
cloaca. When everted each is seen to be a somewhat 

■ cylindrical body, with a dilated and bifid apcK. 
In the female: — 
194. The paired apertures of the oviducts (Fig. ^2,od^ 
in the dorsal wall of the hinder division of the cloaca, just 
posterior to the dividing ridge: anteriorly the oviducts open 
into the ccelome by wide apertures {•id'). 

195. The apertures of the ureters {ur), small oblique 
slits in the dorsal wall of the cloaca, a litfle posterior to the 
oviducal apertures. 

1196. The ureters themselves are situated as in the male 
XXII. Lay open the pericardium and observe 
197. The ventricle (Figs. 40 and 43, v), afleshy conical 
Structure, having its pointed apex directed backwards and 
connected to the pericardium by a fine ligament. 
198. The right {r.au) and left (/.<»/) auricles, thin- 
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walkd chambers, situated anlenor lo the ventricle, to the base ] 
of which they are united. 

igg. The three great arteries, springing £toin the I 
base of the ventricle, nnd passing forwards between the 
auiicles, closely bound together with connective tissue : 
when the latter b dis.sected away they are seen to hai*e a 
twist lo the left. Of the three, the pulmonary artery 
(Figs, 43 and 44, /.u). lying to the animal's left, and the 
left aorta {l.ao) lo the right, are situated ventrally at theil j 
origin, while the right aorta (r.ao) is dorsal to the other.] 




Fig, 43.— Laccrta viridis. The heart, frjm the dorsal side {X 3). I 
cr, carotid artery ; i.j'ii, cilemal, and i.ju, internal jugular veiii: l.aa^ ■ 
left aorta : l.au, left auricle : p.a, pulmonary artery : fit.t, right, and 1 
fr.i^, IeH, precaval vein ; pl.c, paslcaval veia : p.v, puimonaiy 1 
r.av, rj^ht aorta : r.ii«, right aniicle : i.au, binu.au riculnr aperture 1 
Eiib::lavian vein : s.v, sinus veoosus, cut open to show ilie sinu-auricular 1 
aperluce 1 v, ventricle. 

two ; traced forwards the pulmonary arlery is seen gradually I 
to assume a dorsal position, the left aorta becoming ventral J 
and to the left, the right aorta ventral and to the right. 

floo. The sinu3 venosus {s.i<), a chamber situated to ! 
the dorsal side of the right auricle, and seen by turning the 
A&iiLdci it receives the three great veins ; the right 
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I precaval (/r.ir) passing directly backwards, the postcaval 
(^^.f) directly forwards into it, while the left precaval {f>r.c), 
on reaching the neck, turns niedianwards and passes across 
the dorsal wall of the left auricle. 

aoi. The division of the pulmonary artery as it pierces 
the front wall of the pericardium into a right and left trunk, 
each of which passes at first outwards and then backwards 
to the corresponding lung. 

12. The pulmonary veins {p.v), bringing the blood 
I from the lungs, and uniting into a short common trunk 
L which enters the left auricle on its dorsal wall. 




Fig. 44. — Lacerta viiidis. The aonic arcbes, supposed to I 
[1 removed close to thdr origin frum the heart (nat. size). 

cr, camlid artery : d.aa, dorsal aorta : l.ta, left aortic arcli : p.a, pii 
I tnonary artery i r.w, tight aorlie arch : t.d, aabclavian artery. 



203. Leaving the pericardium, the two aortic arches 
I {Fig. 44) separate from one another, the right arch turning 
3 the right side, the left to the left : traced outwards they 
re seen to bend round the (esophagus and to unite with one 
another on the ventral face of the vertebral column to form 
the dorsal aorta (d.ao). 

1204. The carotid arteries {a), arising together from 
the right aorta just where it divei^es from the left: each 
carotid passes outwards, parallel with the corresponding 
aorlic arch, with which, al its distal end, it anaslomose.s 



(ductus Botallt) : shortly before this union the carotid arterjrj 

proper is gfven off and passes fonvards to the head. 

aos. The subclavian arteries {s.d), arising from thoj 

right aortic arch just before its junction with the left, andj 

passing directly outwards to the fore-limbs. 

XXIII. Remove the heart, and open its various 
cavities under water : first pkcing it on its ventral 
face and opening the sinus venosus from the dorsal 
side, and afterwards placing it on its dorsal 
and opening the auricle and ventricle from tl 
ventral side. Note 

206. The thin, smooth walls of the sinus venosus. 

207. The sinu-auricular aperture (Fig, 43, s.au), a' 
transverse sHt placing the sinus venosus in communication 1 
with the right auricle, and guarded by the two-lipped sinu-, 
auricular valve. 

208. The septum auricularum, a vertical partition'! 
separating the auricles from one another. 

209. The musculi pectinati, forming n network on 
the inner surface of the walls of the auricles. 

210. The auriculo-ventricular aperture, placing 
both auricles in communication with the ventricle, and 
divided into two by the free edge of the septum auricu- 
larum : guarding the aperture is the auriculo-ventricular 
valve, consisting of two semi-lunar flaps, a right and 
left, placed back to back in such a way that each shutai 
across oni; half of the auriculo-ventricular apertur 

an. The thick, spongy walls and small cavity of tl 
ventricle. 

212. The origins of the great arteries; the pulmonary 
artery arises to the left of the two aorlfe, and its aperture is. 
separated from theirs by a mu.scular partition : ihc apertures 
of the aortic arches are in the same vcrlical jilane, that of 
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r fte left being ventral to that of the right ; all three arterial 

L ^)erttiTes lie to the left of the auric iilo-ventricular" aperture. 

XXIV. By the removal of the heart, the lungs are 

thoroughly exposed ; note in thetn the following 

points :^ 

!i3. Eacli lung is a fusiform sac, very thin in its posterior 

I half, much thicker anteriorly ; on cutting it open, the wall 

I seen to be raised into a network of delicate ridges, pro- 

I ducing a honey-combed appearance : the network is closer 

] and the ridges more marked at the anterior than at the 

posterior end of the lung. 

214. The bifurcation of the trachea into two very short 
tubes, the bronchi, which communicates each with the 
corresponding lung by a small aperture a short distance 
from its apiculate anterior end. 

215. The complete cartilaginous rings of the trachea and 
bronchi. 

»XXV. Slit up what remains of the gullet along one 
side, and continue the incision forwards, through 
the floor of the mouth, close alongside tlic inner 
edge of the mandible ; turn aside the floor of the 
mouth so as to expose the oral cavity : if the 
latter is not sufficiently displayed, part of the 
mandible may be cut away with bone forceps. 
Observe 
Bi6. The tongue, a narrow, elongated, fleshy organ on 
nie floor of the mouth, bifid in front. 

317, The glottis, or aperture of the trachea into the 
mouth, a small longitudinal sht, placed at the summit of a 
rounded prominence in which are contained tlie cartilages 
of the larynx. 

z 1 8. The small, conical teeth, arranged in a single series 
. round the upper and lower jaws (prem axillary, maxillary. 



and mandibular teeth) : there is also a small patch of teeth 
on each side of the roof of the mouth (palatine teeth). 

Big. The posterior nares, considerable apertures 
situated a little behind the end of the snout and 
separated from one another by a vertical partition 
supported by the vomers (§ 63). 

Slighlly ill front of the posterior nares are iwo minulc slit-like aper- 
tures, each leading into a smiill pigmented sac (Jacobson's organ) i 
lying under the nasal sac. The relations of these parts are h 
a iransverse section of the snont. 

220. The Eustachian pits ; large paired diverticula of 
the dorsal wall of the pharynx, continuous with the tym- 
panic cavities, which are bounded externally by the 
tympanic membranes. 

221, The position of the columella axiris in the tympanic. cavUf, 
and its relations to the fenestra, ovalis and tympanic membritne, vaaj 
now be made out (see § 65, p. 142). Also remove sn eye nnd note & 
series of thin scale-like bones (sclerotic plates) surrounding the border 
of the sclerotic. 

XXVI, Brealc away the roof of the skull with bone 
forceps so as to expose the brain : this may be 
done without first dissecting off the skin which 
adheres very closely to the subjacent bones. Re- 
move the brain, taking especial care not to injure 
the olfactory lobes (§227, Fig. 45, c/f), and, after 
preservation in spirit, place it under water in a 
small dissecting dish, and make out its parts as 
follows ; — 
232. The medulla oblongata (Fig. 45, m.e), or pos- 
terior division of the brain, continued insensibly behind 
into the spinal cord : it is about double the diameter of 
the cord, and exhibits a strong ventral flexure. 
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a.f, ajiteciar commiEsure : aq.s, aj^ueducl of Sylvius: cb, cerebellum i 
c.i, crura cerebri : c.h, cerebral hemispheres : eh.p, choroid plexus 

corpus itriatum ; /,)«, foramen of Monro: atf, infundibulum ; , 

uiedulla oblongata : o.(, optic chiasm a : oA, oplio lobes: elf, olfactory 
lobes : B.I, optic tracts ; o.v, sperlure between aqueduct ot Sylvius 
and optic ventricle : p.c, posterior commissure : pn, pineal body : p^, 
pituitary body ; 11.3, third ventricle : u.4, fourth ventricle ! I^XIZ, 
eerebral nerves. 

223. The cerebellum {eb), a small semiciicular flapl 
covering the anterior part of the medulla oblongata on the I 
dorsal side. 

224. The fourth ventricle {?/.4), a cavity on th^ 
dorsal surface of the meduSIa, roofed over in front by ihcj 
cerebellum, but for the rest of its extent covered only I 
the pia mater, a delicate membrane investing the bra 
and spinal cord. 

225. The optic lobes, or corpora bigemina (c./),J 
two large rouniJed elevations on the dorsal surface of theJ 
brain, immediately in front of the cerebellum : they consti-J" 
tutc the dorsal portion of the mid-brain, the ventratfl 
region of which answers to the crura cerebri {c.c). 

226. The cerebral hemispheres {c.li), large, pyramidalf 
paired masses, immediately in front of the optic lobes, B 
against the anterior faces of which they abut closely i theyJ 
are in close contact with one another by their flat inner 
faces, and are pointeii in front, 

227. The olfactory lobes {olf) paired, club-shape 
bodies continued forwards from the anterior ends of tl 
cerebral hemispheres : from thL:ir dilated anterior ends 
given off the olfactory (first cerebral) nerves to the nas 



228. The pineal body (/»), a small, rounded mass inl 
the middle line of the dorsal surface of the brain, at the.| 
junction of the cerebral hemispheres and optic lobes. 

229. The pituitary body {pty), a rounded mass situated^ 



THE LIZARD. 

in the middle line of the ventral surface of the brain, imme- 
diately under the pineal body, and attached to an elevation, 
the infundibulum. 

230. The thalamencephalon, seen by slightly separat- 
ing the posterior ends of the cerebral hemispheres as a 
rounded median mass, interposed between the hemispheres 
and the optic lobes : the infundibulum is a veniral, back- 
wardly-directed prolongation of the thalamencephalon. 

231. The optic chiasma {o.c), anx-shaped body situated 
immediately anterior to the infundibulum, and consisting 
of tlic optic tracts {o.i), which pass backwards and slightly 
upwards on cither side of the infundibulum to the anterior 
ventral region of the optic lobes, and of the optic (second) 
nerves (II), which, becoming free from the brain, pass 
forwards and outwards to the eyes. 

232. The third nerve (III), arising from the ventral surfice of Ihe 
mid-braiii. 

333. The fourth nerve (IV), arisioj; froni tlie dorsal surface of die 
medulla oblongata, just in front of the cerebellum. 

234. The fifth nerve, or trigeminal (V), arising from the ventro- 
lateral ce^an of the medulla. 

235. The sixth nerve (VI), a small nerve arising from the ventral 
tegiou of the medulla, not far from the middle line. 

236. The seventh nerve (VII), arising in common with the eighth 
from the lateral surface of the medulla, just posterior to the fifth. 

237. The eighth, or auditory nerve (VIII), arising in common 
with the seventh. 

238. Tlie ninth nerve, or glossopharyngeal <IX), arising Lmroe- 
diatel; behind the eighth, and at a somewhat lower level. 

239. The tenth nerve, or vagua (X), arising just imsterior to the 
ninth, by three or four separate roots. 

240. The eleventh nctve, or spinal accessory (XI), arLsiiig from 
the spinal cord, and passing forwards, receiving Ghres as it goes, tu the 
medulla oblongata, which it finally leaves immediately hebind the 

341. Tht: twelfth nerve, or hypogloBsal (XII), Brisiug a little 
behind the eleventh from the ventral surface of the mednita. 




ZOOTOMY. 

XXVII. Carefully cut into the cerebral hemisphere 
optic lobe of one (say the left) side,' and remoi 
the roof of the cavities cxiiosed : observe ; ■ 
243. The optic ventricle (Fig. 45, a), a small cavity 
the thick-walled optic lobe : in its inner wall is a small_ 
aperture {o.v), which leads from the aqueduct of 
{§ m6)- 

243. The lateral ventricle, a considerable 
in the cerebral hemisphere, extending in front into the 
olfactory lobe 1 its dorsal and inner walls are thin; its ventro- 
lateral wall is greatly thickened so as to form a well-marked 
eminence, the corpus striatum (cj). 

244. The choroid plexus {c/i./>), a plaited fold of con- 
nective tissue, abundantly supplied with blood-vessels, lying 
in the postero-iiiternal angle of the lateral ventricle. 

245. Traced downwards, the choroid jilexus is seen to 
pass through the foramen of Monro {D, f.m), a small 
aperture in the posterior part of the inner wall of the lateral 
ventricle, and communicating with the third ventricle 
(§ 248) : to see it the corpus striatum must be drawn aside, 

XXVIII. Remove the left half of the cerebellum and 
enough of the left optic lobe and cerebral hemt- 
sphere to bring into view 

246. The aqueduct of Sylvius {aq-i), a passage 
bounded below by the crura cerebri and above by the optic 
lobes, in free communication with the fourth ventricle pos- 
teriorly, and communicating by the small lateral apertures 
already seen (§ 243) with the optic ventricks, with which it 
forms the ventricle of the mid-brain, or mesoccele, 

247. The optic thalami, paired masses of which the 
thai amen cephalon is composed. 

' M anolher specimen is lo be dissected, this may be done on imth 
sides, and a longitudinsl section (f XXIX) made of Ihe second br«iii. 
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^8. The third ventricle {v. 3), a narrow vertical slit . 

between tiie optic thalanii, continuing forwards the aqueduct 

of Sylvius : it communicates in front by the foramen of 

Monro {/m), already seen (§ 245), with the lateral ventricle. 

349. The anterior commissure (a.c), a small, trans- 

i verse band of white nerve fibres, passing transversely 

I between the two optic ihalarai, below and somewhat in front 

[ of the foramen of Monro. 

jo. Tlie posterior commissure (/.f), a similar trans- 
B band connecting the optic thalami at their junction 
[■ with the mid-brain. 

XXIX. Cut away the remainder of the left side of the 

brain so as to get a longitudinal vertical section of 

the whole organ (Fig, 45, d). Note ; 

251. The continuity between the fourth ventricle, aque- 

f duct of Sylvius, and third ventricle, and the precise position 

w of the apertures leading into the lateral and optic ventricles. 

ja. The downward continuation of the third venlride 

[.into the infundibulum. 

233. The general relations of the parts seen in the 
r previous dissection. 
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(Columba Hvia.) 
A.— THE SKELETON. 
I, Two skeletons should be examined, one of an adult.l 
bird, the other of a nestling two or three weeks \ 
old, the latter being especially useful for the skull, 
sacrum, pelvis, &a, which, owing to the early 
ankylosis of the bones, cannot be satisfactorily 
made out in the adult. The adult skeleton is best 
prepared by maceration, that of the nestling may 
be either macerated for a short time, or subjected 
to the action of boiling water for a few seconds :', 
it must be kept in alcohol or glycerine and water, 
or prepared by the glycerine jelly process. In thej 
adult skeleton the cervical vertebrte (§ i) should 
be separated from one another and strung togethef 
in order : the hmb bones should be separated 
one side, on the other left attached by their li 
ments: the ribs (§ 25) are best separated at the 
junction of their vertebral and sternal portions, 
llie former being left attached to the vertebne, the 
latter to the sternum ; a longitudinal vertical sec- 
tion should be made of the skull with a fine 
fret-saw. 
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II. Notice, first of all, the general composition of the 
skeleton; it consists of : 
I. The vertebral column, distinguishable into {a) 
thirteen or fourteen cervical vertebrae, forming the 
skeleton of the neck, and the last two of them bearing well- 
developed ribs, which do not unite with the sternum ; {b) 
the four anterior thoracic vertebrse, all united with one 
another and bearing ribs which articulate with the sternum ; 
{c) the compound sacrum, consisting of several vertebrae 
ankylosed together, and giving attachment to the pelvis ; of 
these ankylosed vertebrae the first is thoracic, bearing ribs 
which unite with the sternum, the next two or three are 
lumbar, the next three or four sacral, and the remaining 
six caudal ; (d) the free caudal vertebrae, about six in 
number ; and {e) the pygostyle or ploughshare bone, a 
laterally compressed plate, forming the posterior termination 
of the vertebral column. 
^^k 2. The skull, consisting of (a) the brain-case and upper 
^^■aw; (/•) the lower jaw or mandible ; and (4 the hyoid 
^Bbr tongue-bone. 

3. 1'he sternum, a broad, keeled plate, giving attach- 
ment to the five pairs of thoracic ribs, 

4. The skeleton of the wings or fore-limbs, articulat- 
ing with the shoulder-girdle, which consists of two bones 
on each side, the ventral one articulating with the stemLnn, 
and connected with its fellow by the U-shaped furcula or 
merrythought. 

5. The skeleton of the hind-limbs or legs, articulating 
with the pelvis or hip-girdle, the two halves of which are, 

I in the adult, firmly united with the sacrum. 
Ill, Examine the last cervical vertebra, and make out 
the following parts : 
6. The centrum or body of the vertebra, elongated 
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from before biickwards, flattened from above downwards at 
its anterior end, almost square in section posterioriy 
anterior and posterior faces by which it articulates with the 
preceding and succeeding vertebra respectively are cylin- 
droidal, the anterior face being concave from side to side and 
convex from above downwards, the ijosterior face convex 
from side to side and concave from above downwards. 

7- The neurapophyses, upwardly directed processes, 
rising one on each side from the dorsal surface of the cen- 
trum, and meeting with one another in the middle line above, 
forming the neural arch, thus helping to close in the 
neural canal in which the spinal cord is contained. Each 
neurapophysis is slightly excavated in front, considerably 
excavalcd behind, so that in the articulated vertebral column 
a series of intervertebral foramina are left between 
successive neurapophyses and serve for the exit of the 
spinal nerves, 

8. The neural spine, a median vertical plate arising 
from U:c dorsal surface of the neural arch. 

9. The anterior zygapophysis, a stout forwardly 
directed! process, arising from the front edge of each neura- 
pophysis and bearing a flat articular facet which looks 
upwards and inwards, and is overlapped by the posterior 
iygapophysis of the vertebra next in front. 

10. The posterior zygapophysis, a similar, back- 
wardly directed process arising from the hinder edge of each 
neurajxiphysis ; it bears an articular facet which looks 
downwards and outwards, and overlaps the anterior zygapo- 
physis of the vertebra next behind. 

11. The transverse process, a stout, outwardly 
directed rod springing from the outer face of each neurapo- 
physis : it bears on its under surface a small tubercular 
£acet for the tubercle of the rib (g 14). 
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n. The capitular facet, a small articular surface on the 
' lateral surface of the centrum near its anterior end, and 
giving articulation to the head of the rib (§ 14). 

}. The hypapophysis, a vertical downwardly directed 
L process, proceeding from the middle vertical line of the 
I centrum. 

{. The ribs, small curved bones articulating, one on 
leach side, with the vertebra, and tapering from their proxi- 
Kmal to their distal ends. The proximal end is di^-ided into 
fttwo processes, one ventral, the head or capitulum, which 
r articulates with the capitular facet on the centrum, the other 
dorsal, the tubercle, which articulates with the tubercular 
facet of the transverse process, 

15. The uncinate process, a small flat plate of bone 
given off from the posterior border of each rib, and directed 
backwards and upwards. 

IV. In the remaining cervical vertebrse note: 

^i6. The gradual diminution from behind forwards of the 
neural spines, transverse processes, and hypapophyses, and 
the gradual elongation of the centra as far as about the third 
or fourth vertebra. 

17. In the penultimate vertebra the rib is much smaller 
than in the last, has no uncinate process, and its proximal 
end is indistinctly divided into head or tubercle. 

18. The absence of free ribs in the remaining vertebne : 
the apparent transverse process is, however, perforated by 
an aperture, the vertebrarterial canal, for the passage of 
the vertebral artery (Fig. 54, p. 232, vr), and the part of the 
transverse process external to this aperture represents a 
cervical rib, the head and tubercle of which have anlcy- 

I losed with the centrum and transverse process respectively. 

19. The characters of the second vertebra or axis; it is 
I eonsiderably reduced in all dimensions: the anterior zyga- 



popliyscs are very small and placed low down on the arch ; I 
the anterior face of the centrum is somewhat excavated and 1 
gives off dorsally a conical peg, the odontoid proceS3|l 
which bears an oblique articular facet on the ventral surface' | 
of its free end, for articulation with the atlas (§ 20). 

In the young bird the odontoid is a sepoiale bone. 

20. The characters of the first vertebra or atlas ; it is '^ 
very small and is reduced to a mere ring, the centrum being 
no thicker than the arch ; the centrum is crescentic, the 
concavity of the crescent being upwards, and bearing an 
articular facet for the odontoid process of the axis, the two 
together forming a concave articular cavity for the occipital 
condyle (§ 35) : there are no anterior zygapophyses and the 
posterior zygapophyses are small. j 

21. The mode of articulation of contiguoas centra: they are united ■ 
by rings of ca.rti]age, their adjacent faces being separated by a closed n 
space (synoviat capsule} ; each inlervertebnil ring is produced inwards 
into a thin plate of cartilage, the meniscus, which is perforated in the 
centre, and forms a vertical partition dividing the synovial space into on 
anterior and a posterior division : a delicate ligamentous cord, the 
ligamentum suspensorium, pa^es from centrum to centram through 
the aperture in ihe meniscus. 

V. In the thoracic vertebrse note ; 

2 2. The fusion of the first four into a single mass by I 

the ankylosis of the centra, zygapophyses, and transverse^ 

processes. 

23. The fusion of the fifth with the compound sacrum: , 
its large transverse processes abut against the ilia, ^ 
which the proximal ends of its ribs arc also united. 

24. The large hypapophysis of the first thoracic 1 
vertebra, dividing below into two divergent laminse. 

25. The thoracic ribs : each is divided into two parts ] 
by a transverse articulation, — a dorsal section, the vertebral ] 
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[ rib, having an the chiiracters of the last cervkal rib (§§ 14, 
15), a ventral section, the sternal rib, a straight flat 
bone, making an obtuse angle with the vertebral rib, and 

I articulating at its lower end with a facet on the sterauin. 




m of a nestling (about fourteen 



Fig, 46. — Columbalivia, Thi 
' dajfa old), viewed from benenth ( x 

On the leR side {ri'jlil of the fig iire) the first two caudal ribs (f.r) are 
removed, sn as to show the dorsal transverse processes (tr.f/') : the sub- 
sequently ossifying membrine which fills np the intervals betn'een Ihe 
transverse processes is also removed on the same side : the last thoracic 
vertebra is not shown, not yet having united with the sacrum. 
The cartilaginous parts are dotted. 

C.I, ossified centrum of first, and e.-j, ot seventh caudal vertebra: 
c,r, first caudal rib: l.i, centrum of first, and /.3 of third lumbar 
vertebra : s.\, centrum of first, and j.3 of third sacral vertebra ; Ir.p, 

rocess of firr" '-■--- --'-'■ • • ■ - 

il vertebra. 



VI. In the remaining vertebrae entering into the com- 
position of the compound sacrum make out : 
?6. The two or three lumbar vertebrse (Fig. 46, /r — 
/. 3), immediate!)' succeeding the fifth thoracic : each has a 
stout wide body, short strong transverse processes abutting 
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against the ilia (§ 107), rudimentary neural spine, and i 
hypapopliyais. 

27. The three or four sacral vertebree {s.i — 1.3), 
closely resembling the lumbar, but having transverse pro- 
cesses, in th6 form of thin flat plates passing outwards from 
the dorsal ends of their neural arches and abutting against ■ 
the ilia : in the adult, the transverse processes of succes- 1 
sive vertebrsE are fused together, the original spaces Iwlween I 
them being marked only by two rows of small apertur 

28. The first caudal vertebra (c.i), like the sacral, I 
but having, in addition to the lamellar transverse processes 1 
springing from its arch, a pair of strong oulstanding pro- I 
cesses — caudal ribs (c.r) — from its centrum, which also I 
abut against the ilia ; a distinct passage is left between the | 
two processes. 

39. The remaining ankylosed caudal vertebrEe, ! 
number : in these the centrum becomes progressively I 
smaller, and in all but the first of them {second caudal)'J 
there is no distinction between rib and transverse process. 

30. In the young bird the sacrum is a continuous carti 
!agc, in which the constituent vertebrje are only marked b 
the transverse processes, and by the median ventral osaifi 
cations for the centra (Fig. 46). 

Vn. In the remainder of the vertebral column, note: 

31. The free caudal vertebrae, each having a short 
centrum, a well-marked spine, and long, flat, outstanding 
transverse processes ; in the last two there is also 
distinct hypapophysis, 

32. The pygostyleor ploughshare bone, an irregular 1 
vertical plate of bone, with its axis almost at right angles to 1 
that of the free caudal vertebne ; it forms the hinder termi- [^ 
nation of the vertebral column and supports the uropygium.l 
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Fifi. 47,— Columba livla. The sliull of a youni; Lird (about si» 
weeks olJ). A, from above ; li, from benealh ; C, from Ihe led side 
(nat. size). 

The cHTtilagmnos ports arc di^tingnishcd liy Uottinff. 

ai.s, alisphenoiit : a», angular : ar, articular : i.a, l.asioccipilal : 
if, dent^ry ; e.e, exoccipital : /», aperture of EustBchian labt:/.m, 
foramen magnum;^, mmlal : i.o.s, in'erorbital septuiu ! y», jiigal : 
U, lacrymol : !i.i, lambdoidal suture : m.tlA, meselhinoid : nix, maxUla : 
Htr.fi, maiilln-palatbe process: Ha, no', tia°, nasal; e.c, octipital 
condyle: er fr, orbital plate of frontal: fia, parietal: pa.s, pnm- 
sphenoid -.fi/, palatine •.f.pii, premaxilla ://, pterygoid : fu,quadntte : 
j.'i'r, Eupra-angnlar: t.a, supmoccipilal : j^, squainos:il : fy, tympanic 
cavity : II — Xtt, roramina for cerebral nerves. 



Vlir. In the skull make out : 

33. The rounded brain-case, greatly encroached upoi 
in front by the large orbits or cavities for the eyes, and-l 
continued in front into the slender tri-radiate beak. 

34. The foramen magnum (Fig. 47, f.m) a large^ 
rounded aperture in the ventral wall of the hinder end oi 
the brain-case. 

35. The occipital condyle (cc), a small hemisphi 
elevation on the lower or anterior margin of the foramf 
magnum. 

36. The lambdoidal ridge, a transverse ridge, 
above and parallel to the upper border of the foramen magi 
num : it serves for the attachment of some of the muscles 
of the neck, 

37. In the young bird the foramen magnum is bounded 
by four distinct bones, one ventral, the basioccipital (b.o), 
one dorsal, the supraoccipital {s.o), and a pair lateral, 
the exoccipitals [_s.o)\ the supraoccipital is bounded above 
by the lambdoidal suture {Ib.s), which separates it fronji 
the parietals, and is represented in the adult by the laral>' 
doida! ridge. 

38. A median longitudinal groove on the dorsal surface of 
the skull, passing behind into a low ridge which unites with 
the centre of the lambdoidal ridge : it marks the position of 
the obliterated suture between the right and left parietals 
and frontals 

39. In the young bird the parietals {fa) and frontals 
{Jr) form two distinct pairs of bones, the former extending 
a short distance forward from the lambdoidal suture, while 
the frontals furnish all the anterior part of the roof of the 
brain-case, and are continued forwards between the orbits^i 
to each of which the corresponding frontal furnishes 
supraorbital ledge. 



\ 



40. In the young bird t!ie antero-ventral region of ea£h 



. side of the brain-c, 



i formed by a separate bone, the 



squamosal (si^), bounded by the frontal and parietal above 
and behind, by the alisphenoid (§ 4a) in front, and by the 
exoccipital below. 

»4i. At the posterior margin of each orbit the curved side- 
lUs of the skull turn sharply inwards, forming a thin plate 
bone — the orbital plate — which constitutes at once the 
terior wall of thu bvain-case and the posterior wall of the 
bit. 
42. In the young bird the orbital plate consists of two 
parts, — an upper and smaller portion, the orbital plate of 
the frontal {or.fr), an inturned portion of the latter 
bone, and a lower and larger portion, forming a distinct 
bone, the alisphenoid (al.s). 

43. The interorbital septum ((>.j.), a thin vertical plate 
of bone separating the orbits from one another, and uniting 
posteriorly with the orbital plates. 

44. The anterior part of its interorbital septum consists, 
in the young bird, of a separate bone, the mesethmoid 
{m.elh), the posterior part representing the presphenoid. 

45. In the dried skull the orbits are placed in com- 
munication with one another by two large vacuities, or 
interorbital fenestrse, situated one above the other, and 
occurring partly in the orbital plates, partly in the inter- 
orbital septum : in the recent stale they are filled in 
by membrane, 

46. In the membrane filling the uppermost interorbital 
fenestra there is a median aperture, the olfactory fora- 
men, for the transmission of the olfactory nerve from the 
brain : this is continued on each side by a groove, visible in 
the dried skull, which runs along the dorsal edge of the 
interorbital septum and, at its anterior end, jiasses into an 
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aperture, which communicates with the nasal 
serves for the passage to that cavity of the olfactory 

47. In the membrane filling the lower interorbit^ 
fenestra there is a median aperture, the optic foramen 
(11), for the transmission of the optic nerves from the brain 
to the eyes. 

48. The tympanic cavity Ijy), an irregular depressit 
just behind the postero-inferior angles of the orbit, 
opening looking upwards and forwards: it is bounded 
the squamosal above, by the exoccipilal behind, and by 

\tasi temporal (§ 50), beneath. 

49. The parasphenoid (pa.s), or basisphenoidal 
rostrum, an elongated thickened rod of bone, pointed in 
front, underlying the interorbital septum \vith which it is 
completely ankylosed in the adult : in the young bird it is a 
separate bone. At its base, it bears, on each side, a small 
facetted basipterygoid process, for the articulation of 
the pterygoid (§ 62). 

50. The basis cranii, or floor of the skull, extendi] 
from the lower margin of the foramen magnum to the 
of the parasphenoid, and bounded externally by the lower 
margin of the tympanic cavity r in the young skull the 
hinder part of the basis cranii is formed, as already seen 
(§ 37), by the basioccipital ; in front of this is a large median 
bone, the basisphcnoid, underlaid and concealed in the 

_ entire skull by the basitemporal, a large flat pli 
membrane bone, which extends forvrards to the base of the 
parasphenoid and outwards so as to form the ventral 
of the tympanic cavities. 

51. The anterior edge of llie basitemporal prujecLs over (he base of 
the roBtmm in the form of it delicate lamina of bane, between which 
and the rostniin k a. smail space into which the two Eustachian tubes 
ope 1 ; a bristle may therefore be passed from this common EUBtachiBn 
aperture (cu) into either t)'mi)aiiic cavity (§g 
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!. Tlie character of the cranial bones as seen in a longi- 
I tudinal section of the skull : they ronsist of a dense but 
j'very thin outer layer or external table, of a similar inner 
P,l{Lyer or internal table, and of an intermediate spongy 
substance or diploe : the latter is especially thick in the 
anterior part of the frontals and in the basi- and para- 
sphenoid. 

53. The hollows on the inner surface of the brain-case 
for the lodgment of various parts of the brain i the basis 
cranii is deeply concave from before backwards for the re- 
ception of the medulla oblongata (Fig. 58, m.o) : in the 
frontal region, or dorsal portion of the brain cavity, is the 
large cerebral fossa for the reception of the cerebral 
hemisphere (Fig. 58, rJi) ; below this and separated from it 
by a well marked horizontal ridge of bone is the rounded 
optic fossa for the optic lobe {Fig. 58, 0./} ; behind and 
below these two hollows is the cerebellar fossa for the 
cerebellum (Fig. 58, ^), limited in front by a ridge — the 
tentorial ridge — which passes obliquely upwards and 
backwards from the basis cranii to meet its fellow of the 
opposite side in the roof of the skull somewhat anterior to 
the lambdoidal ridge. 

5^. The auditory capsule, a considerable thickening 
Lof the brain -case just external to the foramen magnum, and 
t encroaching upon the optic and cerebellar fossae: it is 
limited above by a well marked semicircular ridge, which 
indicates the position of the anterior semicircular 
canal, a swelling at its anterior end marking the position of 
the ampulla of that canal (see figure of cod's auditory 
organ, p. 123): within (he arch of this canal is another 
ridge, indicating the inner (anterior) portion of the pos- 
terior semicircular canal. 
The pd^ilion and relations of the three semicircular canals are liest 
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Eeen by catting av/aj with a petiknife Ibe buler t:tl>ie of the c 
honei in the audiloty legion, and then carefully removing Ihe diplo^ j'* 
tlie cannU are surrounded by a. dense layer of bone, which, isolated 
in (he way described, furiDS the bony semicircular canals, precisely 
corresponding in fonn and pa>^ilioa vith the contained membranous 
canaU. The anterior canal is considerably larger than Ihe other two ; 
the plane of Ihe posterior cnoal is at right angles Co ihaL of the anterior, 
and its ampulla is OD its loner or outer (= posterior) end; owii^ ti> 
this peculiarity in the position of Ihe posterior canal, it cri^sses at right 
angles ihe horizontal canal, which has the normal position (see descrip- 
tion of cod's andilary oi^n, pp. ia2, 123, g 182). 

55. In the young bird the main part of the auditory 
capsule is formed by a single distinct bone, the prootic : 
two other ossifications are however formed, one upper 
and posterior, th? epiotic, which early fuses with the supra- 
occipital, another ventral and posterior, the opisthotic,, 
which becomes united with the exoccipital 

56. A little below the swelling for the ampulla of th( 
anterior semicircular canal, on the inner surface of the skul)^ 
are two small apertures, for the passage of the seventh^ 
(facial) and eighth (auditory) cerebral nerves. 

57. Below these apertures, and separated from them by a J 
ridge of bone, is a small oval fossa with an aperture (ix, X)h 
at the bottom of it, which leads directly on to the outefff 
surface of the skull, and serves to transmit the nintll^ 
(glossopharyngeal), tenth (vagus), and eleventh (accessory 
cerebral nerves. 

58. A small aperture within and behind the above is thji 
condyloid foramen (xit); it also leads on to the exterioi 
of the skull and transmits the twelfth (hypoglossal) cerebraHfl 

59. Immediately below the optic fossa are two adjacent 
apertures which lead on to the anterior surface of the 
orbital plate, and serve for the passage of the tiflh nerve 
(trigeminal)v 
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60. Tlie quadrate (?«), a short, stout, irregular bone, 
tirticulntitig by a double head with two facets in the dorsal 
region of the tympanic cavity, the upper of the two facets 
being furnished by the squamosal, the lower by the prootic ; 
from its articulation, the quadrate takes a direction down- 
wards and forwards ; its inner border sends olf a large 
pointed ascending process directed upwards, inwards, 
and forwards, while its distal end forms a transverse cyOn- 
droidal articular surface or condyle for the mandible. 

6r. The columella (Fig. 48), a small and delicate rod 
of bone, having its expanded inner end fixed in the fenestra 




Fic. 48.— Columba livia. The columi 

The cATlilagioouB pans are dolled. 

i.st, eitm-stapedial : i.st, infra-atapedial : 



supra-slnpedia! : 



ovalis, a small aperture ii 
cavity, while its cartilagini 



1 the inner wall of the tympanic 
us outer end is fixed, in the entire 
head, to the inner surface of the tympanic membrane (see 
§317, p. 250.) 

Tli« columella caiisi&ts of a :lenderbany rod, liaving at Its inner end 
an oval plate of bone, the stapes {si), and at its ouler end a Iri-radiale 
catlilagei the central division of the latler, forming the direct con- 
tinuation of the stapedial rod, is the eitra-atapedisl ; the second 
division, silualed dorsally, ij the supra- stapedial (sjt) ; the third, 
ceatrat in position, the infra-stapedial (i.j/) ; the supra- is connected 
with the exlrn-btflpedi.ll by an oblique bar of cartilage. 

(ii. The pterygoids (Fig. 47, //), short, stout, paired 
jase of the skull, each articulating behind 
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with a facet on the inner edge of the corresponding quadrate^.^ 
and passing inwards and forwards to the lostrum, a 
facet on its inner surface articulaling with the basipterj 
goid process (§ 49). 

63. The palatines (pi), large paired bones passing fo^ 
wards from the anterior ends of the pterygoids : their poste- 
rior ends are scroll-like, their anterior ends slender and free 
in the young bird, but ankylosed in the adult with the, 
maxilla (§ 67). 

64. The vomer, a small median bone, lying between tl 
palatines at the anterior end of the parasphenoid. 

65. The lacrymal {ic), a considerable bone forming tl 
anterior wall of each orbit, and articulating above with the, 
corresponding frontal. 

66. The premaxillEC (p>nx), paired bones forming the 
greater part of the beak, and completely ankylosed with one 
another in the adult : the anterior or free ends of the united 
bones form the strong pointed extremity of the beak, from 
which three processes are given off on each side ; the first 
of these, the nasal process, passes upwards and back- 
wards on the dorsal aspect of the beak, fused with its 
fellow of the opposite side, to join the anterior edge of the 
frontals; the palatine process entends backwards and 
slightly outwards on the ventral aspect of the beak, and is 
fused in the adult with the corresponding palatine ; and the 
maxillary process passes backwards and outwards, 
external to the palatine process, forming the edge of the 
beak, and uniting posteriorly with the ma;(ilia. 

67. The maxillec {nix), continuing backwards the max- 
illary processes of the premaxillce, to which they are anky- 
losed in the adult : anteriorly the inner edge of each is 
produced into an inwardly-directed, spongy mass of bone, 
the maxillopalatine process {mxp), which is ankylosed 
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in (he atlult lo ihe maxilla : the remainder of the maxilla 
forms a very slender rod of bone. 

68. The jugal {Jii), a slender bone, continued backwards 
from the hinder end of the maxilla, with which it is ankylosed 
in the adult. 

69. The quadrato-jugal, a similar bone to the jugal, 
to which it is fused in the adult, and from which it is 
continued backwards, its posterior end being attache'd by 
ligament to the outer edge of the quadrate just above its 
condyle. 

70. The nasal («a), a long, forked bone, fitting against 
the anterior edge of the frontal, and having a short external 
process {na") which extends obliquely downwards and for- 
wards to the maxilla, and a longer anterior process (««') 
which passes forwards external and parallel to the nasal 
process of the premaxilla. 

71. The anterior nasal fossae, large vacuities one on 
each side of the beak, bounded above by the internal pro- 
cesses of the nasals and nasal processes of the premaxilla, 
below by the maxillffi, and behind by the external processes 
of the nasals. 

72. In the fresh stale, the mcaelhoiQid (§ 44) is cominued f.irrtiird-. [0 
the end of [he heak \>j a plate of cailUage, ihc septum nasi, uliich 
fjrms 1 median vertical parlitian betneen the nasal caviliea : ii is 
prailuceii on each side inlo scroll-like masses of cartilajie, the 
turbinals. 

IX. In the lower jaw note : 

73. The complete fusion, in the adull, of its two halves 
or rami in a short median symphysis. 

74. The jiostcrior half of each ramus can be separated as 
a distinct bone which fits by a jagged edge into the 
corresponding anterior portion : in the young bird, this 
proximal portion of the mandible consists of three separate 
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bones; a slout irregular articular (ar), furnbhing the 
arliculac cavity for the quadrate, and continued forwards 
into a slender Meckel's cartilage ; a splint-like bone, the 
angular (a/t), covering the vuntral edge of the articular 
and Meckel's cartilage ; and the supra-angular (j.o«) 
similarly related to their upper edge. 

75. From the inner face of the distal portion of each 
ramus a thin splint, the splenial, can be separated even 
in the adult : the remainder of (he distal portion is the 
dentary (^. 

X. Observe in the hyoidean apparatus: 

76. The body of the hyoid, consisting of three distinct 
ixjrtions: the first or glosso-hyal, is cartilaginous and 
arrowhead-shaped, the second or basi-hyal, is a short 
stout bone, articulating in front with the glosso-hyal, and 
behind separated by a cartilaginous interval from the third 
pyition or basi-branchial, which consists of a slender 
bony rod with a free cartilaginous extremity. 

77. The anterior cornua, short, paired, carlilaginoi 
rods, proceeding backwards and outwards from the posteriol 
end of the glosso-hyal, like the barbs of the arrowhead. 

78. The posterior cornua, slender paired rods, spring- 
ing from the cartilaginous junction Iwtwecn the basi-hyal 
and basi-branchial, and cumng backwards, outwards, and 
upwards; each consists, first, of a proximal or ventral 
portion, a slender bony rod, the cerato-branchial ; this 
is connected at its distal end with a similar rod, the epi- 
branchial, which terminates distally in a slender pointc 
cartilage. 

XI. Make out the characters of (he sternum 
follows I 

79. Tlie body or corpus Sterni, a. horizontal boal 
shaped plate of bone, its right and left halves inclined 
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e another so as to include an obtuse dihedral angle, the 
transverse sternal angle. 

80, The middle xiphoid process, a narrow, flat, 
median plate, forming the hinder end of the corpus 
sterni. 

81. The internal xiphoid processes, fiat paired 
plates proceeding outwards and backwards from the coqjus 
stemi at the point of origin of the middle xiphoid process, 
with the posterior border of which they are connected by 
narrow bridges of bone : two large fenestra, covered in the 
recent state by membrane, are thus enclosed between the 
middle and internal xiphoid processes. 

8z. The external xiphoid processes, similar to but 
much larger than the internal xiphoids, and passing back- 
wards and outwards from the lateral borders of the corpus 
stemi, about half way between its anterior end and the 
origin of the internal xiphoids. 

83. The costal border, or that pari of the outer edge 
of the sternum lying anterior to the external xiphoid process : 
it is produced in front into a forwardly directed costal 
process, and presents four facets for the articulation of the 
sternal ribs. 

84. The manubrium or rostrum sterni, a small blunt 
median prolongation of the anterior border of the corpus 
stemi. ' 

85. The pneumatic aperture, a smil! aperture on the 
dorsal surface of the corpus sterni about a centimetre behind 
its anterior border: through it the interclavicular air-sac 
(§ 16+, p. 118) communicates with air s[)aces in ihe bone; 
these spaces can be seen as a delicate transparent network 
by holding up the sternum to the light. 

86. The coracoid grooves, deep paired fossE on the 
anterior border of the body uf the sternum, extending 
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from near the middle line immediately i 

rostrum, outwards and slightly backwards to the costall 

processes. 

87. The keel or carina Sterni, a median ventral plate I 
of bone, running along the whole middle ventral line of the.l 
corpus stemi from the base of the rostrum to the middle] 
xiphoid process : its depth is about equal to the breadth c 
the body of the sternum. 

ES. Ill a bird aliout three or four « ceUs old, the slemum is formed of 
three distinct bones : one median, the lophosteon, osFifying the central 
port of ihe body nnd the keel, and an external pair, the pleurostca, 
foiiiiine the lateral parts.' 

XII. In the shoulder girdle note : 
89. The coracoids, paired rod-like bonts, articulating by I 
their laterally expanded ventral ends with the cotacoid grooves 1 
of the sternum, and passing forwards, upwaids, and slighllyl 
outwards : each coracoid is somewhat depressed from above! 
downwards, and presents at its upper end a thickened head ; ■ 
immediately below (he head on the dorsal side of the bonoj 
are two facets for the articulation of the scapula ; on thq 
inner border at about the same level is a facet for the heaW 
of the furcula {§ 91), and on the outer border a large! 
demi-facet which forms the anterior half of the glenoid 4 
cavity for the articulation of the wing : towards the i; 
border of the upper end of the coracoid is a groove passing 
into a canal which opens on the upper surface of the head 
between the scapular facets, and serves for the passage of the 
tendon of the subclavius (§ 316, p. 252) : this cavity, being 
completed by the articulalion of the scapula (§ 90) and the 
furcul:i (g 91) with the coracoid, is known as ihe foramen 
triosseum. 



' In the young chict s. separnle pair of os^... . , 

ves ri^e to the internal and external xiphoid piuce^es. 



the metostea, J 
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go. Tlie scapula, a sabre-shaped bone, articulated 
immovably to the corresponding coracoid, so as to make 
with it a somewhat acute angle— the coraco-scapular 
angle, and passing backwards over the ribs ; its proximal 
or anterior end is expanded, and presents two facets for 
articulation wifh the coracoid, and, externally, a large demi- 
ficet which completes the glenoid cavity. 

91. The furcula, or " merrythought," a V-shaped bone, 
articulating by a facet on the outer surface of each of its 
extremities with the facet already seen on the corresponding 
coracoid, and passing backwards and downwards, its angle 
being connected by ligament with the carina sterai. 



XIII. Note in the fore-limb : 

93 . The general composition of the limb ; it consists of a 
proximal division, the brachium, containing a single bone, 
the humerus ; a middle division, the antibrachium, 
containing two bones, a larger, tlie ulna, and a smaller, the 
radius ; and a distal division, the manus. 

94. The position of the parts : in the position of rest the 
three divisions are bent upon one another in the form of a 
Z i extended for flight, they are almost in the same straight 
line : in the latter case the limb presents a dorsal and a 
ventral surface, pre-axist or anterior, and post-axial 
or posterior, borders ; the radius is then seen to be pre- 
axia!, and the ulna pnst-axial. In the position of rest, the 
humerus extends backwards from its articulation with the 
shoulder girdle, undergoing at the same time a slight 
rotation, so that its dorsal surface looks inwards and 
upwards, and its pre-axial border outwards and upwards ; 
the nntibrachium has its dorsal surface directed outward 



and its pre-axial border upwards ; in the manus the dorsal 
surface looks upwards and the pre-axial border downwards 
and forwards, 

95- The humerus, an elongated bone, consisting of a 
cylindrical shaft and of two extremities : the proximal 
extremity presents a rounded elevation or head for articula- 
tion with the glenoid cavity, a triangular process, the greater 
or radial tuberosity on the pre-axial side, and an irregular 
elevation, the lesser or ulnar tuberosity on the post- 
axial side : on the distal surface of the latter is a deep 
excavation leading to the pneumatic foramen which 
communicates with a large air-cavity in the shaft of the 
bone. The distal end of the humerus has a pulley-like 
surface or trochlea, with two raised articular surfaces, one 
— the radial tubercle — pre-axial and set obliquely, the 
other — the ulnar tubercle — post-axial and nearly at right 
angles to the first ; just external and proximal to the radial 
tubercle is a small roughened elevation, the radial condyle; 
the ulnar condyle is similarly related to the ulnar 
tubercle. 

96. The radius, a straight slender bone, articulating by 
its discoid concave proximal extremity or head with the 
radial tubercle of the humerus: its distal end bears an oblique, 
elongated convexity for articulation with the carpus ; it is not 
pneumatic. 

97. The ulna, a curved bone, having its concave side 
towards the radius which it considerably exceeds in thick- 
ness : its proximal end presents A concave surface, the 
sigmoid cavity, set obliquely to the shaft for articulation 
with the humerus, and is produced beyond this facet, post- 
axially, into a short, blunt process, the olecranon ; a short 
process is also given off from the dorsal and pte-axial region 
which partly embraces the head of the radius, 
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98. The carpus, or proximal division of the maniis, con- 
sisting of two short bones, the smaller (radiale, Fig. 49, 
f/.i) articulating with the radius, the larger (ulnare, cfi.z) 
with the ulna. 

99. The metacarpus or middle division of the manus, 
consisting of {a) a large cylindrical bone, the second meta- 
carpal {m(J:2); (b) a slender curved bone, the third 
metacarpal (mcp.^), on the post-axial side of the second, 
to which it is ankylosed at its extremities, its shaft remaining 




Fig. 49- — Columba livU. TIie left manus of a nestling (abont fbur- 
tetn diya old), viewed from the outer (dorsal) surface ( x 2). 

The cartilaginons parts are dotted. 

cp.l, radial, and et.3, ulnar carpal : iii'/i.l, first, tticp.l, second, and 
f»c^,3, third, metacarpal 1/^.1, [>halanx of poUex :/J. z, pToximal, and 
ph.i, distal ptulanx of sccoud digit ; /^.3, phalanx of third digit : ra, 
radiiu : »', ulna. 

freej (c) the first metacarpal (mcp.\), forming merely a 
projecting process on the pre-axial border of the proximal 
end of the second. 

100. The phalanges, forming the distal division of 
the manus: one pointed bone {ph.i), attached to the 
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rudimentary lirst metacarpal is the single phalanx of the 6rst 
digit or pollex : the second digit has two phalanges, the 
proximal one {fh.i) being flattened and very thin on its 
post-axial side, the distal one {ph. 2") pointed and concave 
dorsally; the third metacarpal bears a single pointed 
phalanx {/A.3). 

10 1, In the young bird the metacarpals are distinct bones 
with cartilaginous epiphyses. 

XIV. Make out the characters of the pelvis or hip 
girdle as follows ; 

J02. It consists of two paired bones, the OBSa inno- ' 
rainata (Fig. 50), more or less extensively ankylosed to 




(fou, 



nestling 



Fig. 50. — Columba livia. Left os 

days), viewed from withoul ( x 2). 

Ibe cartilage is dbtiiigoisihcd by dotting. 

ac, ttcetabulnm ; a.fr, anli-trochanlcr ; r7, pre-, bik! i/, post- 
icetabalar pLirtlon of ilium : >', ischium : i.s.f, ilio-scialic foramen 1 
ib.f, obtarator fisiure : fii, pulis. 



the sacrum in the adult, but easily separable in the young 
bird. 

103. The acetabulum (Fig. 48, iTc},a rounded articular 
cavity on the outer surface of each os innominatum, per- 
forated by an aperture, and serving for the articulation of the 
leg: its postero-dorsal region is prolonged into a distinct 
facet, the a nti-tro chanter {ajr). 



I 
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104. The ilio-sciatic foramen {i.s.f), a large aperture 
immediately posterior to the acetabulum. 

105. The pubis (/n), a slender bony rod, forming llie 
ventral part of the acetabulum and the ventral border of 
the post-ace tabular portion of the innominate bone : it is 
separated from the rest of the bone by a long cleft, the 
obturator fissure {oh.f). 

106. The ischium (/V), consisting of that part of the 
post-acetabular portion of the innominate bone which lies 
above the obturator fissure and below and behind the ilio- 
sciatic foramen : at the acetabulum it is ankylosed with the 
anterior end of the pubis. 

107. The rest of the 09 innominatum is formed by the 
ilium {;7, j/), which consists of pre- and post-acetabular 
portions, the former (//) ankylosed at the ventral boundary 
of the acetabulum with the pubis, the latter {i'/') ankylosed 
with the ischium in the postero-dorsal region of the 
acetabulum, as well as behind the ilio-sciatic foramen. 

108. In the young bird the os innominatum consists of 
a distinct mass of cartilage of the same shape as the adult 
bone, in which the ilium, ischium, and pubis are formed 
as separate ossifications, which unite with one another at a 
later period. 

XV. In the leg make out : 

109. Its general composition : it consists of a proximal 
division, containing a single bone, the femur; a middle 
division, the crus or shank, containing a large bone, the 
tibiO'tarsus, and a small and imperfect one, the fibula ; 
and a distal division, the pes, formed of a cylindrical 
bone, the tarso- metatarsus, to which four digits are 
attached. 

no. The position of the parts: the femur is directed 
downwards and forwards from its articulation with the 



slightly back- ^^M 
'htly forwards, ^M 



pelvis ; the crus is directed downwards and slightly 1 
wards, the tarso- metatarsus downwards and slightly forwards, 
three of the digiis are directed forwards and rest with their 
whole lower surface on the ground, while the remaining toe 
— the hallux or first digit— is directed backwards, and 
slightly raised from the ground at its proximal end. 

III. If the leg is extended outwards at right angles to the 
body it is seen to present, like the fore-limb, dorsal and 
venial surfaces and pre-axial and post-axial borders : in the 
natural position of the parts the pre-axial border is internal 
throughout the whole limb ; the primitively dorsal surface 
looks upwards and forwards in the femur, forwards and 
slightly downwards in the crus, forwards and slightly upwards 
in the tarso -metatarsus, and upwards in the digits. 

1J2, The femur, a cylindrical bone consisting of shaft 
and extremities : the proximal extremity is produced on 
the pre-axial (inner) side into a rounded elevation or head, 
the axis of which is at right angles lo that of the shaft, and 
which serves for articulation with the acetabulum: post- 
axially is a large irregular elevation, the great trochanter, 
and between it and the head on the actual proximal end of 
the bone is a facet which works against the anti-troclianter 
{% 103). The distal end of the femur is pulley-like, and 
formed of two condyles ; of these the outer or post- 
axial condyle is deeply grooved in its ventral region, thus 
furnishing the 5butar fossa for the articulation of the 
fibula ; the rest of the outer and !he whole of the inner 
condyle articulates with the tibia-tarsus. 

113, The tibio-tarsus, a cylindrical bone about half as 
long again as the femur : its shaft, together with the proximal 
extremity, corresponds to the tibia ; its distal extremity re- 
presents the proximal portion of the tarsus, and therefore 
really belongs to the pes. The proximal extremity bears 
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["■two slightly concave articular surfaces for the condyles of the 
Lfemur, and is produced in front (dorsally) into a prominent 
I'Cnemial crest divided into two diverging plates. The 
■ distal extremity is pulley shaped, and its transverse a.vis is 
I inclined at an angle to that of the proximal extremity : the 
I two condyles of which the distal pulley is formed are 
e prominent on the anterior (dorsal) than on the 
I posterior face of the bone, thus differing from the very 
I similar condyles Rf the fenuir. 



f 



Fig, 51.— Coluniba livia. I.efc larso- metatarsus of &n unhalched 
embryo, with the distal end of the tibio-larsus, viewed from tie 
anterior (dorsal) face ( x 5). 

The tarsal corljlages (//.I, //.3) are represieated aa separated from 
the tibia and metatarsus respectively. 

The cartilaginoui parts are dotted. 

mll.t, second, m/l.'i, third, and m'l.^ fourth metatarsal: li, tibia : 
//.I, proximal tarsal cartilage, aftervards fusing with tibia ; II.2, dislal 
tarsal cartilage, afterwords fusing » ilh metstaisus. 

P 114. In a pigeon embryo towards the end of incubation, 
the distal end of the tibio-tarsus is a separate cariilage, ilie 
proximal tarsal cartilage (Fig. 51, //.i) : its scparateness 
in the cartilaginous state distinguishes it from an epiphysis, 
which is a distinct ossification in a continuous cartilage. 



iTj. The patella, a small nodule of bone in front 
the knee-joint, connected by ligament with the femur 
tibio-larsus. 

ii6. The fibula, a slender bony rod attached to the out 
(]X)st-axial) side of the li bio-tars us : its proximal end artit 
lates with the fibular fossa in the outer condyle of the femur ■ 
distally it undergoes a gradual diminution in diameter 
finally fuses with the tibio-tarsus. 

117. The tarso-metarsus, a cylindrical bone articulated 
to the distal end of the tibio-tarsus, its proximal end bearing 
two concave surfaces for the condyles of the latter bone : 
behind (ventrally) it is produced at its proximal end into a 
strong crest, on either side of which is a small foramen 
passing through to the somewhat concave anterior face of 
the bone ; its distal end is trifurcate, the middle division 
being the longest, and each bearing a pulley-like surface 
for the articulation of one of the toes. That part of the 
tarso-melatarsus which lies above (proximal to) the two 
foramina represents the distal tarsals ; in the remainder of 
the bone, the two foramina and trifurcate distal ends indicate 
a division into three longitudinal parts, the second, third, 
and fourth metatarsals. The joint between the tibio- 
tarsus and tarso -metatarsus is conveniently known as the 
mesotarsal articulation, being between the proximal 
and distal tarsals. 

118. In an embryo towards the end of incubation, the 
proximal extremity of the future tarso- metatarsus is a 
separate cartilage, the distal tarsal cartilage (Fig. 51, 
ti.2) and the remainder is formed of three separate long 
bones, (metatarsals, mtl.2^ '"'11.^, mtl.Oi), inclose contact save 
at their distal ends. 

119. The hallux, or first pre-axial digit, consisting of a 
separate metatarsal, united by ligament to the inner border 
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P of the tarso-metalarsus near its distal end, and of two 
phalanges, a proximal and a distal, the latter modified for 
the support of a daw. 

I JO. The three forwardly directed toes, representing the 
second, third, and fourth digits, and having their metatarsals 
united to form the tarso- me la tarsus : the second digit, or 
innermost of the three, consists of three phalanges, the next 

( of four, and the fourth or outermost of five, the distal pha- 
: in each case being modified for the support of 

Fa claw. 



B. -DIRECTIONS FOR DISSECTION. 

XVI. Either pluck the feathers from one side of 
the bird, leaving the other side untouched, or 
better, have two birds for comparison, one entire, 
the other plucked ; note the following external 
characters ; 
21. The division of the body into head, neck, trunk, 
and limbs : the relatively great length of the neck : the 
absence of a true tail, the body terminating posteriorly 
in a short obtusely conical process, the rump or 
uropygium. 

12 1. The great influence of the external covering of 
contour feathers or pennEC in determining the contour 

10/ the body, the form of the plucked bird being altogether 
different from that of the entire one. 
12^. The filoplumes, small, hair-like feathers, situated 
between the contour feathers, and exposed by the removal 
of the latter in the plucked bird. 
124. The rounded form of the cranial portion of Iht: 
head, and the production of ihe facial portion into a 



aio ZOOTOMY. 

beak, devoid of fealhers but covered willi a strong, homy J 
sheath, except at the base, where there is on each side at^ 
mmid naked area of skin, the cere. 

115. The mouth, bounded above and below by the J 
upper and lower divisions of the beak (upper and lower J 
mandibles of ornithologists). 

126. The nostrils, or external nares, oblique, slit-.' 
hke, paired apertures immediately in front of the cere. 

1^7. The eyes, situated a little posterior to the angle of I 
the mouth : each is provided with an upper and a lower J 
eyelid, both devoid of feathers, and with a nictitating j 
membrane, which is easily found in the anterior angle I 
of the eye, and car. be pulled backwards over the eye as a I 
whitish, semi- trans parent membrane. 

118. The auditory aperture, situated a short distance ] 
below and behind the eye, of a rounded form, and lead- 
ing into a canal, ihc external auditory meatus : in the i 
entire bird the auilitory aperture is quite concealed by the J 
feathers. 

iig. The flaccid condition of the skin about the neck, 1 
due to the more or less empty condition of the crop. I 
(§ ISO). 

T^o. The breast of the bird, formed by the muscles ' 
covering the sternum : the keel of the latter (§ 87) can be 
felt as a median bony ridge extending from a short distance 
behind the root of the neck to within li inches of the 
posterior extremity of the body. 

131. The soft, ventral, abdominal walls behind the 
posterior edge of the sternum, bounded externally and 
posteriorly by the pubes (§ 105). 

132. The vent, or cloacal aperture, a considerable I 
transverse cleft with tumid lips, situated on the ventral | 
surface of the hinder end of the trunk. 
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133. On llie liorsal surface oC the conical posterior 
I tnink is a small papilla on ibe apes of which opens 
I uropygial or oil-gland (g 296, p. 247). 



I of the fore-limb > 



wing into a 



14. The division ( 

' proximal portion, the brachium or upper arm, a middle 
portion, the antibrachium or fore-arm, and a disla! portion, 
the roanus or hand, flie three divisions being bent upon 
one another when at rest in the form of a Z = ^^^ absence of 

I distinct digits, except in the case of the pollex or thumb, 

I' whicli forms a small projection on the pre-axial (§ 94) border 

f of the mnniis at its proximal end. 

135. The alar membrane, a fold of skin, extending 
I between the proximal end of the fore-atm and that of the 
Y hand on the pre-axial side. 

136. The division of the hind-limb into a proximal 
I portion, the thigh or fertiur, a middle portion, the shank or 
I eras, and a distal division, the foot or pes ; the latter 
I consists of a proximai stem, the tarso-metatarsus, and of 
I four digits, the first (pre-axial, § 111} of which is directed 
J backwards, and all of which terminate in strong claws. 

137. The arrangement of the feathers on the neck and 
I trunk: they are not continuous, but form a number of 

feather-tracts or pterylae, separated by featherless 
Spaces or aptcria : the former being indicated in the 
plucked bird by the scars left by the removal of the 
feathers.^ Along the dorsal surface runs the spinal tract, 
the cervical portion of which is particularly well marked, 

I ' ITie p'eryloai^ or feallier arrangement, is belter made nut in the 
sparrow than in the pii^n, as in the latter the feather tracts tend 
to run l<^elher : in the s;-aiTow, on ihe contrary, the spinal Iract is 
■Imovt linear, broadening onl only in Ihe lumbar region ; the ventral 
tract consists of two very narrow bands separated by an inferior space 
ocr.npying nearly the whole of the pectoral region ; the lateral spacer are 
■ very large. 

p a 
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and bifurcated posteriorly : on the ventral surface is tlie | 
ventral tract, divided in the region of the trunk into two '( 
lateral porlions separated from one another by the median I 
inferior space : throughout the greater part of its extent I 
the ventral is separated from the spinal tract by the lateral 
spaces, one on either side of the trunk ar\d neck. 

138. The arrangement of the tail feathers : attached along , 
the posterior edge of the rump are twelve large rectrices 1 
or tail quills, the position of which is indicated by well I 
marked scars in the plucked bird : the proximal ends of the i 
rectrices are covered both above and below by smaller I 
feathers, the tail coverts, attached to the upper and under j 
surface of the rump. 

139. The arrangement of the feathers on the wing: along I 
the post-axial edge of tJie antibracJiium and manus is 
attached a row of about twenty large remiges or wing 
quills, of which those attached to the manus are the 
primaries, those attached to the antibrachium the j 
secondaries : their jxisition is clearly indicated in the I 
plucked bird by large scars. Roth on the upper and under I 
surface of the wing the remiges are largely covered by the 
Upper and under wing coverts, which also form the entire, 
feathery covering of the upper arm : on tlie dorsal surface of 
the latter the feathers are arranged in a well marked | 
humeral tract : the secondary upper wing coverts spring 
from an alar tract. A special tuft of feathers springs '1 
from the pollex, and constitutes the ala spuria or bastard 
wing. 

140. The arrangement of the feathers on the leg : there is 

a well defined femoral tract on the dorsal surface of the | 
thigh, and a weak crural tract on the shank. 

I4r. The absence of feathers on tlie pes, which is covered 
instead by horny scales ; these arc especially large on the 
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anterior (dorsal) surface of the tarso-m eta tarsus and on the 
dorsal surface of the toes. 

XVII.' In one of tlic large quill feathers make out the 
following points; 

142. The stem, or scapus, consisting of a proximal 
portion, the tube or calamus, which is cylindrical and 
hollow or nearly so, and of a distal portion, the shaft or 
rachis, which is somewhat quadrate in section, grooved on 
its ventral^ side, and formed internally of a white, pith-like 
substance. 

143. The barbs, delicate tapering processes, flattened in 
a direction at right angles to the long axis of the feather and 
attached in two rows one on each side of the rachis : they 
constitute, taken together, the vane or ve^Lillum of the 
feather. 

144. The inferior umbilicus, a small aperture at the 
proximal end of the calamus, by which the feather-papilla 
enters the latter. 

145. The superior umbilicus, a small oblique aperture 
at the junction of the calamus and rachis, putting the 
cavity of the former in communication with the exterior. 

XVIII. Cut off a small piece of ilie vane and enamine it under a 

modemtely hi{;h power of ihe microscope, laking core lo 

dislinguii^h belweeu the dorsal and ventral sorfaccs, and the 

proximal and distal ends of tlie piece. It is advisable to soak 

the fragment for a short lime in alcohol, so ns to remove llie 

air, and then to examine in glycerine. Note ; 

146. The barbules, small poioted processes, attached obliquely in two 

rows one on each side of the barbs, lo which they are related in the 

same way as are the laller lo the rachis : they are so disposed that Ihe 

' It will probably be found convenient, in practice, to omil Sections 

XVII— XIX until Ihe dissection of ihe soft parts is completed, and lo 

proceed from g 141 to Section XX., p, 214. 

- That Ls, Ihe lower side in Ihe case of the temiges and rectrieea, or 
Ihe inper side in the case of Ihe ordinary conluur feathers, 



a distinction between calamus 
ig of a few barha wiili simple 
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ctifltal bariiules uf any given barb overlap and cross at an Ingle the 
proximal barbuJe; of the barb nent in advance. 

147. The booklets, minute curved procejses on the distal barbules, 
by means of which the latter are ho:)ked on to the |iroiimal barbules of 
llie next succeeding barb : the proximal liarbulcs themselves arc davoid 
uF hook let t. 

XIX. Fluck out a 6Iop1mne and examine it in the same wa;: 
note :— 

148. The delicate stem, showing 1 
and rachis. 

149. The rudijientary vane, consist 
di united barbules. 

XX. In the plucked bird, thrust a blowpipe into the 
mouth and loop a string round the base of the 
beak immediately behind the cere, lightening it 
just enough to hold the blowpiire in place and 
prevent the escape of air : inflate until the neck 
and abdomen are greatly swelled owing to the 
distension of the crop (§ 150) and the air-sacs 
(§ 159) : withdraw the blowpipe, at the same lime 
tightening the ligature : then knot the latter to 
pre\'ent its loosening. 
Ry this method both crop and air-sacs are inflated 
simultaneously without injury to any of the 
structures to be afterwards examined ; if in the 
course of dissection one or other should collapse 
— which is certain to happen sooner or later — cut 
across the trachea (§ 151) and inflate the crop from 
its anterior and the air-sacs from its posterior end, 
ligaturing as before.^ 
' If it is desired to make a careful di^isection of the air-sacs, dissect I 
away the muscles from the humerus, and cut that bone across a short I 
<iistance From its distal end •■ >lip over the cat end a piece of iniiiarubber 1 
tubing, to the other end of which is fixed a short glass tube ; fix the I 
latter in a vertical p.);ilioii: malce nn incision into the trachea and I 
insert a cannula dircclCEl backwards, lying it securely : inject sloivly with j 
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Make a longitudinal incision through the skin over t!ie 

keel of the sternum, and continue the incision 

backwards to the vent and forwards to (he throat : 

dissect away the skin from the whole ventral 

surface of the body and reflect it right and left, 

being especially careful in removing it from the 

crop, to which it is closely adiierent. Note : — 

igo. The cesophagus or gullet, a wide thin-walled 

tube, lying along the ventral aspect of the neck, and 

enlarging posteriorly into a hilobed dilatation, the crop : 

both gullet and crop are now unnaturally distended. 

iji. The trachea, a narrow tube, surrounded at short 
intervals with bony rings, whicli give it an annulatcd 
appearance : it lies on ilie ventral side of the anterior end of 
the gullet, but soon crosses to the left and passes to the 
dorsal side of the crop. 

152. The jugular veins, brge vessels, usually gorged 
with blood in a freshly killed bird, running one on each side 
of the neck, dorsal to the crop; each jugular is seen to 
receive feeders from the gullet and crop, as well as from a 
more or less extensive venous plexus in the skin of 
the neck. 

153. The pectoralis major, a large muscle forming 
the greater part of each side of the breast : its fibres are 
readily seen to arise from the carina siemi and from the 
clavicle, and to pass forwards and outwards, converging 
as they go, to the ventral aspect of the humerus (see 
8327. p. 25^)- 

154. The abdominal muscles, forming the soft fleshy 

plaster of PirU or gelatine (tee p. 4S, f 162} until Ihc iajecliiij flaiil rises 
in Iheelns-sHi'ie. Wlien the pl.isler oreelatinehas-et, remove 111 e in liin- 
rDbber lube fmm the bumei-us, anJ procMil as dircclecl in tile niccreilin^ 
piira^iiphs. 



ventral walls of tlie ho6y between the posterior edge of the J 
steriiuin and the piibes. 

15s. The rectus abdominis, a narrow paired muscle formed ofl 
longitudiiial fibre?, funning with its fellow the median portion of thtM 
ventral abdominal wall : it extends from the pisteriot border of ihol 
i.ternum to ihe pubis ; its posterior porlion ii> tendinous. - 

156. The obliquua extemus, abroad sheet of muscle fomung the J 
lateral porlion of the abdominal ualt, and extending, in front, over the j 
posterior ribs : the matcle proper, consisting of fibres directed down- 
wards and bacli«ards, only extends alxiut half way between the 
posterior border of the sternum and the pubi'^, but is conljnued back- 
wards to the latter bone by a strong sheet of connect 
aponeurosia. 

157. The obliquus intemus, j^jtualed beneith the external oblique,] 
which niusi be removed lo show it 1 it is almost co-enlcnsite with tl 
extcm.1l oblique, and like it, its posterior porlion is aponeurotic : 
fibres are nearly lon^tudinal in du-ectioii. 

15S. The tranaversus abdominis, lying beneath the internal obliqn^a 
and formed of transversely directed fibres, which are Bee: 
posterior or xponeurolic portions of the obliqui. 

XXI. Make a median lotigitudinal incision throuj 
the ctbdominal walls from the posterior edge 01 
the sternum to the vent : from the anterior end of 
this cut make transverse incisions along the 
jiosterior border of the stemiim, taking care not 
to cut too deeply and so injure the air-sacs 
(S 159) ; carefully reflect the flaps of muscle thi 
separated, and note ; 

159. The (abdominal) posterior air-sacs, 
either side of the body-cavity or ccelotne now exjiosed ; 
they are transparent thin-walled sacs, unnaturally distended 
with air, and largely concealed at present by the great 
omentum (§ 161) and the viscera (§ 162). 

160. The posterior-intermediate air-sacs, lying one 
pn each side immediately in front of the corresponding 
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: them the edge of the sternum must 
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abdominal sacs : t< 

be slightly raised. 

i6i. The great omentum, a sheet of membrane, 

loaded with fat, which covers the contents of the abdomen ; 

by carefully lifting it the posterior air-sacs will be belter 

displayed. 

i6z. Some of the abdominal viscera (liver, intestine, 

&c) can also be aeen at this stage of the dissection, but are 

best examined later (§ 171, &c.). 

XXII. Carefully dissect away the crop from the 
anterior surface of the stern urei and pectoral 
muscles, taking care not to injure the inter- 
clavicular and prebronchial air-sacs (§ 164) ; make 
a longitudinal incision through either of the great 
pectoral muscles close lo the carina sterni.^the 
incision should be about half an inch deep at the 
anterior end of the carina, gradually diminishing 
in depth as it is continued backwards, and must 
be made with considerable care, so as not to 
injure the subclavius muscle {§ 166): continue 
the incision forwards, gradually separating the 
pectoralis major from the furcula, and from the 
posterior end of the incision continue it outwards 
so as to separate the muscle from the corpus 
sterni : when these attachments, together constitut- 
ing the origin of the pectoralis, are cut through, 
the muscle will come away quite easily from the 
underlying parls ; reflect it outwards, taking care 
not to injure the pectoral vessels (§ 168} or the 
axillary air-sacs {§ 165), and note : 
1G3. The distal portion of the gullet, passing backwards 

from the crop, of which it looks like a midille lobe, to reach 

^e body- cavity. 
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164. The interclavicular air-sac, situak-d at the ] 
bolioni of the ]<h bouiidtd at the sides by the furcub and I 
[jectoral muscles, in front by the crop and by the < 
it is distinctly bllobed, being formed by (he fusion of t 
sub-bronchial air-sacs, and extending on either side of 1 
the gullet : immediately dorsal to each of its lobes is one of 1 
the iiaired prebronchial air-sacs. 

165. A prolongation of the interclavicular air-sac on each I 
side into the corresponding axilla, placed just externall 
to the coracoid, and covered immediately by the jjectoralisJ 
major. 

i65. The subclavius or pectoralis secundus, a 
broad flat sheet of muscle, arising from the tlorsal portions 
of the keel and incdi;in portions of the body of the sternum : 
it is a bi-pinnat2 muscle, that is, is divided longi- 
tudinally by 3 tendinous band lo which the fibres of eilhepJ 
side converge : anteriorly it is seen to pass forwards and J 
outwards between the furciila and the axillary jirolongationB 
of the interclavicular air-sac. 

167. The coraco'brachialis longus, 3 small rauscle:! 
lying external to the anterior portion of the subclavius, andl 
passing forwards and outwards dorsal to (beneath in the* 
present position) the axillary portion of the inlerclavicular| 
air- sac. 

168. The pectoral arteries and veins, large \ 
distributed to the i>ectoral muscles, and, at present 
venting further reflection of the pectoralis major,^ 

^ The injection of the pigeon's vl^cul!i^ ■ysttm is best performed i! 
the following way. As soon as the bird, killed with chlOToform o 
pDlaBsic cyanide, is dead, plucli the breast, eitpose the pectoral vessels of " 
anesldeasdirecledin Section XXII., tut through these vessels as near as 
ptissihle to [be reflected pectoralis major, and allow to Meed. All this 
shouhl be dmie wilh the greatest rajiidily, as birds' blood coagulates 
very quickly, and it is essential to success to allow as much as posable J 
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XXIII. Ligature the pectoral vessels, if the subject is 
not injected : cut through the origin of the sub- 
clavius and reflect it : cut away the greater part of 
both pecioralis and subckvius, leaving a recognis- 
able portion of the anterior end of each still 
attached to [he upper arm : do the same on the 
other side, thus exposing the whole sternum as 
well as the greater part of the coracoids and 
furcula: make a longitudinal cut, with strong 
scissors, through one side of the sternum parallel 
and close to the keel, and extending to about the 
middle of the latter ; gradually cut or break away 
the posterior part of the body of the sternum 
external to this incision until the following 
structures can be seen : 

169. The anterior-intermediate air-sac, immediately 
in front of the corresponding posterior-intermediate {g 160). 

170. The falciform ligament, a median vertical sheet 
of peritoneum, attached along the middle line of the sternum, 
and passing dorsalwards among the viscera (§ 185). 

to esciipe. Kemave Ibe carpifj Ktemi on the same side, so as to expose 
the beait and see the origin of the pectoral vessels (§ 168) : insert a 
cinnula into the pectoral nrtery througb the incision already made, tie 
securely, and inject towards the heurt : in this uiy the whole of ihe 
arferial nysleai is filled. The sy,-temic veins may be injected from the 
pectoral vein, but better results are obtaintd by injecting from the 
CQCcygeomesenteriu vein {§ 197), the cannnUheiog injected backwards, 
or towards the renal portal veins : the severed pectoral vein should first 
be tied or clamped with bull-dQg forceps. It Mill probably be found 
necessary to inject the precivals (gj 243, 24S) and their feeders separately : 
this is best done hymal.ing an incisinn in one of the j ugulars (preferably 
that of the side on which the pectorals have already been cut) near iti 
proximal, end, and injecting forwards. The portal system h best 
injected frjm Ihe coccygco-mcsenlcric vein (§ 197), the cannulii being 
directc4 forw-inls. 
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XXIV. Cut through the other side of the s 

the same way: lift up the keel, and gradually 
extend both incisions forwards, using bone-forceps 
when necessary, until the whole of the central part 
of the stemam is removed : cut through each 
coracoid at about its middle and remove its 
ventral portion : also remove the furcula, and J 
enough of the lateral regions of the sternum, with 1 
the sternal ribs, to bring all the viscera into viewcf 
note, without disturbing anything : 

171. The reddish brown liver, occupying the middl 
region of the ccelome, and consisting of a large right and i 
small left lobe. 

172. The heart, very large in proportion to the size o^^I 
the animal, lying in the middle line in front of the liver, a 
enclosed in a thin membrane, the pericardium. 

173. The duodenum, a pinkish, U-shaped loop ofil 
intestine, passing from beneath the edge of the right lobe:| 
of the liver to the posterior end of the ccelome, am] J 
consisting of a left or proximal and a right or distal limb. 

174. The pancreas, a compact reddish gland, l>'ingJ 
between the two limbs of the duodenal loop. 

175. One or two loops of the ileum (the chief pait-1 
of the small intestine) are seen towards the right of the J 
ccelome. 

176. The gizzard, a hard oval body, on the leffcl 
side of the body, just posterior to and partly concealed \^M 
the liver, 

177. The distal end of the trachea, curving round the J 
left side of the crop to reach the ventral aspect of theJ 
gullet, and almost immediately dividing iiilo the tm 
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bronchi, which pass outwards and backwards to the lungs 

(§ '«•)■ 

178. The cavity in which the posterior end of the trachea 
and the bronchi He is the interclavicular air-sac (g 164), 
the venlral wall of which is destroyed by the removal of the 
sternum. * 

179. The sternotracheal muscles, i^aired slender 
bands, easily mistaken for arteries, passing from the ventral 
side of the trachea outwards and backwards to the inner 
surface of the sternum. 

180. The epigastric or anterior abdominal vein, a 
small vessel, taking blood from the great omentum, and 
passing forwards in the falciform ligament towards the 
anterior border of the liver (see § 253, p. 240). 

r8i, The lungs, dark-red, spongy bodies, seen by turn- 
ing aside the heart : they are closely applied to the dorsal 
wall of the anterior part of the ccelome. 

i8i. The kidneys (§ 214} and the reproductive 
organs (§§ 209 — 213), seen by turning aside the intestines 
in the dorsal region of the posterior part of the ca;lonie. 
XXV. Make a median incision througli the skin on the 
dorsal surface of the head, and reflect it to right or 
left, so as to expose the skull : be ^ ginnin^; a li ttle 
behind Ihe^ e^s, cut away the thin cranial roof 
with a scalpel or pocket-knife, taking great care 
not to injure the brain, which is in close contact 
with the bone {consult Fig. 58, p. 255) : proceed 
until Ihe whole of the roof of the skull and the 
arches of ihe first two or three vertebrre are 
removed : when the whole of the dorsal and 
lateral surfaces of the brain are clear, cut through 
Ihe spinal cord a short distance behind the 
brain : lever up the front of the brain with the 
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handle of a small scalpel, and cut through, one 
one, the nerves which pass from its lower surface j. 
remove [he ivjiole organ and place it in strong 
alcohol or in a saturated solution of zinc chloride 
for subsequent examination {see g LV., p. 254). 
XXVI. If time permit, continue backwards the incision 
through the skin, and cut away the arches of all 
the remaining vertebra so as to expose the whole 
Spinal cord : in any case, remove the skin from 
the middle region of the back just between the 
thighs, and cut away the arches of the middle 
sacral vertebrEG, so as to expose about an inch of, 
the cord in that region ; note ; 
183. The lumbar enlargement of the cord, and the 
divergence ofits dorsal columns, which enclose a diamond- 
shaped depression, the sinus rhomboidalis, produced 
by the widening of the central canal of the cord, and 
covered only by its investing membrane or pia mater. 

1S4, If the whole cord is exposed, tliF brachial enlargement 
be seen between the shoulders as well as llie very grcal propjn 
length of the cervical region of the cord. 

XVII. Place the subject once more in the supini 
po.^ition (ventral surface up[>ermost), and mak< 
out the following points by merely turning th^ 
viscera about, and without cutting or 
anything: 

■si^ 185, The relations of the falciform ligament (§ 170) : 
/ in front it becomes attached to the pericardium: at its 
dorsal edge the two layers of which it is composed diverge, 
forming two laminte, of which the right passes across the 
duodenum and becomes attached lo the posterior surface of 
the right lobe of the liver, forming the duodcno-hepatic 
omentum, while the left becomes attached to die pei 
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toneal investment of the gizzard ; both layers are continued 

backwards as the great omentum (§ i6i). 

1 86. The characters of the liver: its dit'ision into a 

large right and a small left lobe : its free backwardly directed 

ventral border ; its anterior surface, hollowed out for the 

reception of the heart ; its posterior surface, hollowed by two 

grooves on the right lobe for the duodenum, and by a deep 

fossa on the left lobe for the gizzard. 
s, 187. The gastro-hepatic omentum, a sheet of 

peritoneum connecting the gizzard with the left lobe of 

the liver. 
; 18S. The mesogaster, a sheet of peritoneum connecting 

the gizzard with the dorsal body wall. 
189, The miesentery, a greatly folded sheet of peritoneum 

supporting the coils of the intestme, and connecting them 

with the dorsal body wall. 

190. The posterior portion of the intestine, passing along 
tlie middle line of the dorsal body wall towards the vent, 
and suspended by a sheet of peritoneum, the meso- 
rectum : about nn inch in front of the vent arc two small 
lateral elevations, the C£eca, on the walls of the gut, 
marking the distinction between the small intestine 
in front of them, and the large intestine or rectum 
behind. 

191. The cloaca, a somewhat dilated chamber, open- 
ing externally by the vent, and connected in front with 
the rectum : its form and relations are best seen by inflating 
with air from the vent. 

XXVIII. Dissect away the great omentum, turn for- 
ward the lobes of the liver and dissect out the 
following structures : 
igi. The right bile duct, a delicate, whitish tube, 
^ocegding from the posterior surface of the right lobe 
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of the Hver, near its dorsal margin, and passing backwards, 
in the duodeno-hepatic omentum, to open into the distal 
limb of the duodenum, at about the junction of its middle 
and distal (anterior) thirds. 

193. The left bile duct, a much wider and shorter tubt 
than the right ; also arising from the right lobe of the liver, 
and passing backwards to open into Ihe proximal limb of 
Ihe duodenum, about half an inch beyond the pylorus 
{see ^ ao4, 207). 

194, The portal vein, a large vessel, usually gorged 
with blood, lying in the duodeno-hepatic omentum between 
the two bile ducts ; it receives blood from the intestines and 
spleen, and from the right side of the gizzard, and divides 
into two branches, one of which enters each lobe of the 
liver. 

The portal vein is formed by the union of three chEef veins : the | 
#■ A I gasiro-duodcnal, receiving blood fiDin the riglit side ofthegiiiard, the 
1 jT / 'l>'°d=""™i ""^ "^= l^s' '°°P °f "^s ™"11 inlei-line (§§ 173-176); the 

'^\ j/ '-1 superior meGenteric, from Ihe main port of the smati intestine 
/ (JEJuniun and ileum, g 304} ; and Ihe interior mesenteric or coccygeo- 
c {% 197), from the posterior portion of the limall iiile;-line, 
1, and the cloaca. 
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195. The three pancreatic ducts : of these one leaves 
the right side of the anterior end of the pancreas, and 
jiasses forwards and to the right, to enter the intestine 
a short distance beyond the termination of the distal 
limb of the duodenum ; the other two usually spring from 
about the middle of the gland, also from its right border, 
and pass slightly forwards, more or less parallel with one 
another, to enter the duodenum at about the middle of its 
distal limb. 

196. 'J"he left gastric veins, two small vessels con-^ 
taincd in the gastro-hepatic omentum, and carrying th*! 
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I from the left side and anterior edge of the gizzard 
the left lobe of the liver. 

197. The coccygeo-mesenteric or inferior mesen- 
teric vein (Fig. 54, c.iii.v), a large trunk, running in the 
mesorectum, parallel to the intestine, and receiving veins 
from the cloaca and rectum ; it anastomoses at its dorsal 
or posterior end with the renal portal veins (see § 218), 

^^ and at its anterior end joins the portal vein (§ 194). 
^L * XXIX. Tie a double ligature round the portal vein 
^^H (the bile ducts may be included), and cut it 

^^H between the ligatures : if the-Bpeclmen is injected, 

^^B tliG-veiiiniiiy-be cut witbettt4ying : cut through the 

^^H gastro-hepatic omentum, and turn the liver over to 

^^P the right : note : 

198. The proventriculus, a pink, ovoidal body with 
thick glandular walls, lying immediately in front of the 
gizzard (see § 204), and to the dorsa! side of the heart and 
liver. 

' 199. The spleen, a small, ovoidal, red body, attached 
to the right side of the proventriculus by a fold of 
peritoneum, the gastro-splenic omentum. 

200, The cceliac artery, seen emerging from belween 
the right lobe of the liver and the proventriculus ; its origin 
from the dorsal aorta is best observed later (§ aaS): it 
supplies the proventriculus, gizzard, liver, and part of the 
intestine. 

The cceliac divides into two chief Initiks; one, llie anterior gastric, 
sends small branches forwud to the proventricDlti.'!, and then proceeds 
to theldt nideof tbegiuard ; the other, the gastrO' duodenal, supplies 
the right side of the gizziu'd, the duodenum, nnd the lost loop of the 

. The gastric branch of the vagus, a. delicate nerve on the 
□r face of the proventriculus, parallel to its artery, and passing 
tlltckwardi to the giizard. 

9 
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203. The anterior (superior) mesenteric artery, 
about a quarter of an inch posterior to the cceliac, and 
supplying the greater part of the intesrine : to bring it into 
view the duodenum must be pulled outwards by dissecting 
away part of its peritoneal investment. 

XXX. Tie a double ligature round the intestine a little 
anterior to the cieca, including in the ligature the 
CO ccygeo- mesenteric vein : cut through the pro- 
vcntriculus as far forwards as possible without 
injury to the heart, &c : remove the alimentary 
canal between these two points by cutting the 
mesentery, noting a fibrous membrane (the oblique 
septum) connected with the dorsal and anterior 
face of the pericardium in front, and extendi 
across the ccelorae like the roof of a tent ; it 
attached to the margins of the sternum in front, 
and to the body wails behind, in such a manner 
as to separate a sub-pulmonary chamber, 
containing the air-sacs, from the general bodjS'; 
cavity. Then observe : 
204. The arrangement of the different parts of tl 
alimentary canal : the proventriculus enters the gizzard oa 
its anterior edge : the duodenum leaves it at the anterior end 
of its right side ; following the duodenum is a distinct 
single loop of small intestine, the jejunum, and a.ftex 
this a coil, consisting of the greater part of the ileunii 
bound together by a single fold of mesentery : next 
the distal portion of the ileum, consisting of a single loop, 
of less calibre than the remainder, and usually of a greenish 
colour : leaving the distal limb of this loop, the ileum widens 
again, and passes without increase of diameter into the rectum. 
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1 d Wills of the gizzard ; the bluish 

h tral portion of its convex right 

h scular fibres radiating from the 

I i n to the edge of the organ, 

h ntestine by cutting or tearing 

tery, and measure its Itngth as 

h 1 at of the ccelome : then cut 

[ iculus and gizzard, the latter by 

midway between its two convex 

open portions of the intestine, and 



mdular walls of the proven tricul us, 
irface the well-marked apertures 



a vertical i) 

faces : also c 

observe : 
2q6. The thick glai 
presenting on their inner s 
of the gastric glands. 

7. The very thick muscular walls of the gizzard, and 
its lining of thick, horny, yellow or green epithelium: 
the small stones with which its cavity is largely filled : the 
place of entrance of the prove ntr iculus, a wide ajjerture at 
its anterior end, and the pylorus, or place of exit of the 
intestine, a crescentic aperture to the right of the former 



■ ?> 

^H ItE 
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^H 208. The villi, minute filamentous processes of the 

^^kmucous membrane of the small intestine : seen to advantage 

^^Rbnly by examining under water, after well cleaning: in 

^^Ethe duodenum and proximal portion of the ileum they 

^^f'are comparatively long and closely set, but in the distal 

portion of the ileimi they become shorter and sparser, and 

towards the end of that division of the intestine pass into 

longitudinal ridges. 

XXXII. Dissect away the peritoneum and the re- 
mains of the posterior air-aacs from the kidneys 
and reprodHctive organs, taking care not to 
injure the postcaval vein (§ 215), and, in the 
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female, the anterior end of the oviduct (§ s 
make out : 
In ihi male. 
zog. The testes {Fig. 52, (s), two white, ovoidal bodifl 
about three-quarters of an itich long in the adult, but y 




Fig. 52. — Columba livia. The nriuogeiiital organs of a 
male, venlral aajject ( « |). 

The right testis and vas deferens are separaleil fiom the kidnej and 
tireter, and displaced outwards. 

adr, sdrenah f/.^, uildille, ond c/.j, posterior, compnr'ment of cloaca : 
t, [.idncy ; tt, lettLs : ur, ureler : «/, opening of nrcler into cloaca : 
v.d, vas deferens : v.it, its opening into cloaca : v.s, vesicula seminalis. 

much smaller in young specimens : they are situated close 
to one another, at about the level of the anterior border of 
tlie thighs. 

210, The vas deferens {v.d), a delicate, white tube, 
convoluted in the adult, but straight in the young, arising 
trom tlie inner face of each testis, and passing directlyj 
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ickwards to the cloaca {ci), where it ends in a dilatation, 
e veaicula setninalis {v.s) (see § 231, p. 236). 

/« the femaU. 
311. The ovary (Fig. 53, tro), a single mass of irregular 
Pwrm, situated at about Ihe same level as the testes {§ 209), 
but somewhat to the left side : it is made up of a number 
of globular bodies or capsules, each containing an 
ovarian egg, which, in the adult, vary from the size of 

I a cherry downwards, while in the young bird none may be 
laiger than a pin's head. The single ovary represents thai 
of the left side : a rudiment of the right ovary is sometimes 
present. 
a\i. The (left) oviduct (/.orf), a convoluted tube, with 
(Btout walls, about a third of an inch in diameter in the 
adult, and lying to the left side of the pelvic cavity ; 
posteriorly it enters the left side of the cloaca (see § 232), 
Anteriorly it dilates into a large funnel-shaped termination 
'{l.od'), with delicate membranous walls, and having an 
antero-posterior diameter of about an inch, which puts the 
cavity of the oviduct in communication with the crelome 
{l.ed'"). As some difficulty will probably be experienced 
in distinguishing between the funnel-like extremity of the 
oviduct and the peritoneum which supports it, the dissection 

I should be performed under water. 
JI3. The rudiment of the right oviduct {r.od), a 
small blind tube, usually about half an inch long, but 
■varying in size in different individuals, attached to the right 
■side of the cloaca. 
fn bolh sexes. 
214. The kidneys (Figs. 52 and ll,k\ dark red bodies, 
situated immediately posterior to the lungs, and in close 
contact with the dorsal body wall ; each consists of three 
, well marked lobes^an anterior, a middle, and a posterior — 






m bedded 



ZOOTOMV. 

s furnislied by the pelvis a 



215. The postcaval vein (vena cava inferior 
posterior,) (Fig. 54, //i^), a Jarge vessel passing from betwee 
the anterior ends of Ilie kidneys to the posterior doi 
region of the right lobe of tlie liver ; it enters the substancj 




Fig. 53. — Columba livia. Ihe uriiiDaeuiial urgans of 
female, ventral aspect ( x %). 

The peritoneum is reinoyed, but the parls are in liiu, except 
left oviduct is parti; ancoiled. 

cl.2, middle, iiud cl.% posterior, compartment of cloaca : 6, 
Led, left oviduct: !.Bif, its opening into cloaca! !,a^, its fu . . 

aoterior end : l.ixt", its opening into ccclome : mi, ovary ; r.ed, rudU J 
menlary right oyiduit : r.oif, its opening into cloaca ; ur, ureter ; u/J J 
its opening into cloaca. 



of that gland, and, emerging from its anterior border, ] 
forwards to the heart (§ 246) : it is formed posteriorly by the 
union of the two iliac veins (§ 218}, which ciiny the 
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HB^unuDg blood horn the kidneys and reproductive organs, 
^ as well as from the hind limbs. 

Bi6. The ureter (Figs. 52 and 53, »r), a delicate, mem- 
branous tube, arising from the ventral face of each kidney, 
between its anterior and middle lobes, and passing back- 
wards to the cloaca (see § 230, p. 235), in the male parallel 
and internal to the corresponding vas deferens, in the 
female dorsal to the oviduct. In dissecting out the ureter 
be careful not to injure the renal (§ 220) or the hypogastric 
(§218) vein. 

ary. The adrenals or supra-renal bodies (Fig. 52, 
adr), irregular yellowish organs near the anterior end of the 
kidneys, and closely connected with the iliac veins. 

XXXIII. Dissect away, with great care, the testes or 

• the ovary from the kidneys, also dissect out the 

vasa deferentia or the oviduct, taking care not to 
injure the renal vein (§ 220): turn the reproductive 
organs and the rectum backwards so as to expose 
more completely the kidneys and the roof of the 
pelvic cavity 1 then dissect out 
y-^ 2 1 8. The renal jJortal or hypogastric veins (Fig. 
54, r.f), paired vessels, uniting with one another in tlie 
middle hne immediately behind the kidneys, and from the 
point of union sending off a trunk which, uniting with the 
veins from the cloaca and rectum, forms the coccygeo- 
mesenteric vein (c.m.v) : at its anterior end each renal 
portal vein penetrates the posterior lobe of the kidney- 
A small median caudal vein (e) bringing blood from the 
the uropygium pours its blood into the point of union of 
the renal portals, each of which also receives, just as it 
enters the kidney, a larger internal iliac vein (I'M) from 
the roof of the pelvis. 




Fig S4.— Columba livia. The blood vasciUir Evstem. from fl 
ventral aspect (nat siie). * — • ^ 
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The arteries arc distinguished by traosvcTse, the veins by longitodiniU 
shading : only the aaterior a.iid posltrlor portions uf tbe veiA^eU of the 
neck (carotids and jugulars) are shown : the kidneys are represented in 
outline, the right (left of fiyiire) bdng supposed to he partly dissected 
away to show the vessels traversing it : the apex uf the heart ;ind tlie 
cocc^eo-mcsenteric vein {e.m.z') are displaced to the lefl. 

o.of, arch of the aorta: a.iil.a, anterior mesenteric artery: a,r,T, 
ofterent renal veins : a.r.z^, vein bringing blood from pelvis into rena! 
portal system : ir.a, bncbial artery : ir-.v, brachial vein : c, caudal 
artery and vein ; c,c. eomnion carotid artery : cm.v, coccygeo-mesen- 
teiic vein : ae.a, cidiac artery : djici, dorsal aorta : t.t, external carotid 



artery: efig, epigastric vein: t.r.v, efferent renal veins ; ^ a, femoral 
■rterr :f.v, femoral vein : li.v, hepatic vein : i.c, intemalcarot ' 
r,i/, IntEmal iliac artery and vein : i.m, internal mammary b 



I 



aiinate artery ! i.v, iliac vein : ju, jugular 
anastomosis of jugular veins: /.a«, left anride : l.f.a, left pulmonary 
artery : l.frc, left precaval vein : i.iiH, left ventricle : pc, left pector j 
arteries and veins : fc.a, right pectoral artery : pc.v, right pectoral vein ! 
p.m.a, posterior mesenteric artery : pte, postcaval vein \ r.a. I, anterior, 
r.ftZ, middle, and f.a.3, posterior, renal artery ; r.aH, right auricle : 
T.f, renal portal vein : r./.o, right pulmonary artery : r.pre, right pre- 
caval vein ; r.v, renal vein : r.vH, right ventricle ; jc.n, sciatic artery : 
u.v, sciatic vein : sd.a, subclavian artery : vr, vertebral artery aitd 

f^ zig. The femoral vein (/w), a large trunk returning 
the greater part of the blood from the leg,' and passing 
between the anterior and middle lobes of the kidney to join 
the iliac vein. 

Just after entering the body cavity from the leg, the femoral receives 
a small vein, which runs along tbe ventral edge of tbe pubis, and collects 
^^ the blood from the side wall of the pelvis, 

^kx. 220, The principal renal veip (r.!-), a large longitudinal 
^H vessel on (he ventral surface of the kidney, entering the 
^^K iliac vein at its junction with the Temoral. 



The renal vein receives several efferent renal veins {r.r.v) from the 
middle and posterior lobe of the kidney : the blood from the anterior 
' ' ; is poured by a separate efferent vein directly into the iliac. 

If tbe muscles are to be dissected in the same specimen, it will 
be advi&able to defer (r.ocing the bliiod-vcsseLd into the leg for the 
'., and to fillow them at a later st.ige (see 58 328—337, pp. 252- 
354), pari pusiu with the dissection of the nlu^cIes of the thigh. 
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221. The dorsal aorta {d.ao), -.i small artery lying in the ] 
middle line between the kidneys. 

XXXIV. Carefully dissect away one of the kidneys, bitJ 
by bit, taking care not to injure the veins i 
connection with it : make out ; 

T" Z22. The renal portal vein [r.f), passing ihrough tlie substance of the 1 
kidney to join the femoral just external tu the point where the latter 1 
unites with the renal vein : during its course through tbe kidney, the 
renal portal gives off several small afferent renal veins {a.r.v) I 
middle and posterior lobes, the anterior lobe tieing supplied by similar 
vessels spnuging front the anterior face of the femoral vein : the renal 
portal is joined near the hinder boundary of the kidney by o: 
small veins from the sacral region (a.T.7/). 

223. The femoral artery (/a), given off from thej 
aorta between the anterior ends of the kidneys, and passingl 
almost directly outwards to supply the anterior region t 
the thigh : it leaves the body cavity ventral to the pelvis, I 
and is accompanied by the femoral nerve {g 293). 

■7^ As the femoral artery leaves the body cavity, it s 
off a small vessel which passes along the ventral border of 1 
the pubis, accompanying the vein already seen {§ aig), and J 
a branch of the obturator nerve (§ 293). 

224. The sciatic artery {sea), given off from thel 
aorta at about the junction of the anterior and middle^ 
lobes of the kidney ; it passes outwards and backwards 
through the substance of the kidney, emerges from that 
organ at the junction between its middle and posterior 
lobes, leaves the body cavity through the ilio-sciatic foramen 
{§ 104) to reach the thigh, and then passes slightly forwards 
as well as outwards so as to assume a course parallel to the 
femoral vein. It is accompanied by the great sciatic 
nerve (§ 294). 

225. The sciatic vein [scv), bringing blood from the 
eterior part of the leg ; it runs parallel to the projdm^ 
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portion of the sciatic artery, and debouches into the renal 
portal vein. 

126. The posterior {or inferior) mesenteric artery 
(p.tii.a), springing from the dorsal aorta at about the level 
of the posterior border of the kidneys, and going to supply 
tjie rectum and cloaca : beyond its origin the aorta becomes 
the caudal artery (c), which passes backward parallel and 
ventral to the caudal vein, and from the same point the 
internal iliac arteries (/'.('/), are given off, which 
accompany the corresponding veins (S 218). 

227. The renal arteriea, of wHich there are three ta each kiiiuey : 
3.a aaterior (r.n.l), springing from the dorsal aorta just anteriut to Ihe 
ori^ of the femoral artery, and sapplying the anterior lobu; a middle 
(r.o.s), arising from the sciatic artery near the point where it enters the 
kidney and pacing forwards to the middle lobe; and a posterior (i-.o. 3), 
arising from thestiatic a little external Co the last, aod passing back wardB 
to the posterior lobe. - 

228. The origin of the cceliac (fa-.a) and anterior 
mesenteric arteries (a.m.a) (§§ 200, 203), from the 

XXXV. Remove the ventral wall of the cloaca, and 
note : 

229. Its division into three compartments (Figs. 52, 53, 
and ss), sejiarated from one another by incomplete parti- 
tions; the anterior chamber (f/, I ) is almost globular when 
distended, and receives the rectum ; the middle chamber 
(d.s) is small, separated from the first by an annular fold 
of the cloacal wall, and receives the urinary and genital 
ducts (§§ 230 — 232): the posterior chamber (ei-z) is 
separated from the middle by a low annular ridge, contains 
the apermre of the bursa Fabricii (§ 233), and opens 
externally by the vent. 

330. The small round apertures of the ureters (ar) 
ii> the dorsal wall of the middle chamber, 
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231. In ihu ra^le the genital papillae (Fig. 52, v.d^ ] 
conical elevations just external to the urinary apertures : on J 
their apices are the apertures of the vasa defercntia. 

232. In the female the aperture of the left oviduct 

(Fig. 53, /.aJ'), a corisidcr.ilj!c npijning just external to that 
of the left ureter : the rudimentary right oviduct has a ■ 




Fig. 55.— Calumbalivia. The cloaca of a yoang remale. A, opene 
froni the ventral aspect ; B, in longitudinal seelinn (nat size). 

i./, bnrsR Fabricii : 6,/', iCE opening into posterior ctambei of cloaca 1 I 
cl.l, anterior, c/.z, middle, and t/.3, po:iterior, chamber of cloaca ; m/, I 
opening cf oviducts into middle chamber of cloaca : 
opening of ureters into middle chamber of cloaca. 



small opening {r.oi/') similarly sittiated on the right sided 
in the young bird the two apertures are of equal sizefl 
(Fig. 55. '"^)- 

233. The aperture of the bursa Fabricii (Fig. 55, i./*), a sxaaD, 
crescentic opening in the middle of the doreal \vall of the paslorior 
chamber : by drawing the cloaca backwards, and gradually dissector it 
away from its attachments, the bursa is seen as an ovtnd, somewbat - 
nattened sac (i./), with glandular walls, situated between the dorBri.J 
wall of the cloaca and the roof of the pelvic cavity : it is best de. ■ 
veloped b yoitng individuals, when it may attain a length of a qnaite; I 
to three-quarters of an inch ; in the adult it is usually absent. 
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XXXVI. Dissect off the pericardium : carefully clear 
away the connective tissue and fat from the vessels 
connected with the base of the heart, and trace 
them out as far as is necessary to verify the 
following descriptions : make out ; 

234. The separation of the heart into an anterior, dark, 
I thin-walled auricular division, and a posterior, lighter 
I coloured, thick-walled ventricular division of a conical 
I shape ; the two divisions are separated by a line of fat, 
' which should be carefully removed. 

235. The left ventricle (Fig. 54, l.vn), forming the 
1 apex of the heart as well as tlie left convex side of the 
I ventricular division.^ it is very firm and hard to the touch. 

236. The right ventricle (/.vn), much softer to the 
[ touch than the left, and forming the right concave side of 
I the ventricular division. 

237. Theright auricle {r.flii/), forming the right half of the 
' auricular division, and usually gorged with blood after death. 

238. The left auricle {l.au), usually in a more collapsed 
I state than the right. 

239. The innominate arteries {in.a), two large trunks 
' apparently proceeding from the centre of the base of the 

heart, and diverging from one another like the limbs of a V : 
each passes forwards and outwards, and divides into two 
arteries, the common carotid (c.;-), which proceeds almost 
directly forwards, and the subclavian {sd.a), which con- 
tinues the direction of the innominate, and almost immediately 
divides into two i of these the brachial or axillary artery 
.a) passes forwards and outwards, and curving round 
at the shoulder enters the wing, which it supplies,' while 



' If the muscles aretobedisaccled ii: 
, the blood-vessels of the wing unlil 
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the pectoral artery {pea) continues tlie direction of the 
innominate and subclavian, which it nearly equals in calibre, 
and supplies the pectoral muscles. 

240. The internal mammaiy artery (I'.'R.), a small vessel given oS 
from the posterior surface of the subclavian r it pOf^ses bacliwards alnng 
the inner surfaceof the ribs.aud gives off transverse intercostal arteries 
to the intercostal spaces. 

241. The arch of the aorta {a.ao), situated immediately 
external to the right innominate artery, of which it has the 
appearance of being a branch : the aorta is, however, the 
principal artery arising (see § 274) from the left ventricle, 
and the innominatcs are branches given off immediately 
after its origin, and, owing to the immense size of the 
pectoral muscles which they supply, exceeding the re- 
mainder of the main trunk in calibre : the aorta is seen 
to pass forwards and slightly outwards or to the right ; 
its further course will be seen at a later stage (§ 257). 

242, The pulmonary artery situated just external to 
the left innominate, and springing from the ventral side of 
the base of the heart (see § 2^^) ; almost immediately after 
its origin it divides into two trunks, the left of which {l.p.a) 
passes forwards and outwards, parallel to the left innominate, 
while the other (r.p.a) turns to the right and passes to the 
dorsal side of the innominates. 

243, The right prccaval veins (vena cava superior s. 
anterior dextra,) (r.prc), a large vessel situated dorsal and 
external to the right innominate artery : it is formed by the 
union of three veins, the jugular {jii) (§ 249) from the 
neck, the brachial {br.v) from the wing, and the pectoral 
(Pc.t) from the pectoral muscles : posteriorly it enters the 
right auricle at its anterior end. 

344. The internal mammary vein {i.tii), taking a parallel coarse to 
the artery of the same name (§ 240), and entering the pectoral vein close 
s junction with the jugular and subclavian. 
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245. The left precaval vein (vena cava superior s. 

I anterior sinistra), (i.prc), similarly related to the left innomi- 
nate artery, and receiving veins symmelrical with those of 

I its fellow : it passes backwards to the dorsal side of the 

I heart, where its further course will be seen subsequently 

I (S ^54). 

346. The postcaval vein (/fr) has already been seen 
§ 215) : after emerging from the liver it passes directly 
forwards and enters the right auricle on the right side of 
its dorsal wall. 

247. The course of the common carotid arteries 
(f.c), made out by removing the crop and dissecting away 
the ventral muscles of the neck ; each passes forwards and 
inwards towards the middle line of the neck, and runs 
parallel and close to ils fellow along the ventral aspect of 
the cervical vertebrre : about an inch behind the head, the 
arteries diverge again, and each, passing forwards and 
slightly outwards, divides into an external carotid (c.^), 
supplying the head generally, and an internal carotid 
()'.(■}, supplying the brain. 

^ Z48. The vertebral artery {vr), arising from the common 
carotid in the root of the neck : it passes to the lateral aspect 
of the neck, and, dipping between the muscles, enters the 
vertebrarterial canal, and passes forwards to supply the 
brain and spinal cord. 

249, The course of the jugular veins (Ju): they are 
united with one another by a transverse commissure (_/V) on 
the under surface of _the skull just behind the velum palati 
(5 299) ;— this is best seen by dissecting away the anterior 
part of the gullet from the neck muscles and turning it as 
far forwards as it will go. 

The commibsural branch receives veins from the pakle, and tlic 
jugulars Ihcaiselvcs from various parts of tlie hisad ! further hack each 




jugular receives veins from the crop, the sides of tlie neck, and t] 
lymplmtic glands [% 251), and at the level of the posterior end of the ] 
latter, the vertebral vein (vr) enters it. 

- 350. The cervical portion of the vagus, a stout n 
accompanying the jugular. 

. 251. The cervical lymphatic glands, paired, reddish, 
ovoidal bodies, situated one on each side of the root of the 
neck : each receives an artery from the common carotid, and 
contributes a vein to the jugular. 

XXXVIL Carefully dissect away the liver aulKlance from that p«4l 
of the postcaval which is embedded in it, and make out : 
■>^ 252. The right and !eft hepatic veins {A.v), of which the latter is ] 
the larger, entering the po;>tcaval just before its exit from the liver. 

253. The epigastric vein (t/g) (g 180), catering the left hepatic v« 
near its junction with the postcaval. 

XXXVIII. Ligature the postcaval between the liver i 
and the heart, and cut it through to the distal side J 
of the ligature : turn the apex of the heart forwards J 
and make out : 

'' 254. The left precaval (Fig. 56, Ipre) cui^ng rotmd the J 
ilor.sal side of the left auricle to reach the right auricle. 

255. The pulmonary veins (p.zi), entering the left I 
auricle in the U-shaped space between the two precavala ; 
sometimes there is a single trunk from each lung, sometimes 
there are two from each, ttniting before they enter the -J 
auricle. 

256. The course of the right and left pulmonary I 
arteries (r./i.a, l.p.a) (§ 243) to the lungs. 

257. The arch of the aorta {a.ao) {§ 241), curving I 
over the right bronchus to reach the middle dorsal lin^ I 
when it becomes the dorsal aorta (§ 221, Fig. 54, d.ao). 

XXXIX. Cut through the precavals, the pulmonary I 
arteries and veins, and the aorta, and remove the I 
heart from the body : place it in a dissecting disfa 1 
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under water, and note carefully tlie telaiions ol 
the great vessels already seen, espedally those of 
the pulmonary veins : then remove the outer walls 
of both auricles, wash out the contained blood, 
and make out: 
258. The septum auriculanim, a thin muscular parti- 
lion scijarating the auricles from one another. 




Fig. 56,— Columba livia. The lieart, vicived from the dorsal 
aspect (nsC. size). 

a.ae, arch of aorta : br.a, brachial artery ! hr.v, brachial vein : c.c, 

common carotid ; jh, junior ; l.au, left anride : l./i.a, left pulmoiuiry 

artery ; l.pre, left pcecava] : l.v», left ventricle ; r.au, right auricle ; 

f r.au', iis sinoolh-wal'ed dorsal portion receiving the pre- and pust- 

B eavats : r.p.a, right pulmonary artery: r.ftc, right prccaval : r.-ait, 

I'right ventricle. 

259. The entrance of the right precaval, in the anterior 
wall of the right auricle. 

260, A tunnel-like passage in the dorsal region of the 
same chamber, leading into the left precaval, 
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7 261. The aperture of the postcaval, in tlie posterO-i 
external wall of tin; riglit auricle, and guarded by a valvulai 
fold of muscle, the Eustachian valve. 

262. The fossa ovalis, a Ihm place in the septui 
auricularum, marking the jiosition of the embryonic foramen' 
ovale by which the two auricles were placed in communica- 
tion with one another ; it is best seen by holding the septum 
auricularum up to (he light. 

26,;. A deep depression in ihe dorsal wall of the 1( 
auricle, into which the pulmonary veins open. 

XL Cut away both auricles, and all but the origins 
the aorta and pulmonary artery, and, looking 
the base of the ventricles, note : 

264. The rounded left auriculo-ventricular aperturei 
guarded by the two membranous flaps of the mitr&l valvei 
This and the other valves are best seen by filling th( 
ventricles with water and tlien squeezing them ; at evety^ 
squeeze the auriculo-ventricular valves close, when the 
pressure is removed they open, and if a sufficient length of 
the aorta and pulmonary artery is left, the semilunar valves 
close. 

265. The crescentic right auriculo-ventricular api 
ture, guarded on its outer or convex side by the larg* 
ileshy, right auriculo-ventricular valve (| 

266. The rounded apertures of the aorta and pulmonary 
artery, each guarded by three membranous semilunar 
valves (§ 269). 

j XLI. Open the right ventricle by a V-shaped iadsu 
introducing the scissors into the cut end of 
pulmonary artery, cutting obliquely backwards to' 
the apex of the ventricle, and then turning sharply 
round and passing obliquely forwards, nearly to 
the anterior border of the ventricle : note 
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267. The convex right face of the septum ventri- 
culorum, or partition between the ventricles, projecting so 
much into the cavity of the right ventricle as to make it 
■crescentic in section. 

■68. The right auriculo-ventricular valve, a large 
flap of muscle, attached partly to the outer edge of the 
auriculo- ventricular aperture, partly to the outer wall of the 
iventricle, and depending into the cavity of the latter. 

269. The origin of the ])ulmonary artery from the left side 

(f the anterior end of the ventricle ; at the base of the artery 

the three pocket-shaped pulmonary semilunar valves. 

he columnje carnese, fleshy ridges into which 

le wall 0/ the ventricle is raised. 

XLII. Remove the outer wall of the left ventricle, and 
note : 

7 1. The great thickness of its wall in comparison with 
Ithat of the right ventricle. 

72. The concave left side of the septum ventriculorum. 

73. The two membranous flaps of the mitral valve, 
■connected by delicate tendons, the chordae tendinea:, 
■with small conical elevations of the ventricular wall, the 

usculi papillares. 

74. The aperture of the aorta, guarded by three pocket- 
ihaped aortic semilunar valves. 

XLIII. Note in the body-cavity, now the heart is 
removed : 

275. The backward continuation of the gullet, dorsal to 
|he trachea, to join the proven triculua, 

276, The remains of the intcnnetliate (§§ 160, 169) and posterior 
(S '59) air-sacs, ttie ventnil wnlls of which will have been removed ; 
they arc best seen under water ■ the anlerior- intermediate air-sac 
covers the greater part of the ventral surface of the lung, the posterior- 
intermediate lies immediately jwiilerior to the lung : in the ajitera- 
idors.ll region of the posterior -inlcriuediale and posterior sues are seen 



ZOOTOMY. 



apertures b; whicli Ihey respectively communicate witli the lung ; the 

carresponding aperture of Llie anterior iutertnediale is in 

internal corns'. The apertnrca of the other air-taca are 

diCTcuIt to see : that of the 5Ub-brDiicbi;\l (g 164) lies in its posterior 

wall just dorsal to the entrance of the limnchus into the lui^ : ths 

prebronchial eilemls baekwards to the anterior end of the lung nod 

there opens (>ee g 286), 

277. The costo-pulmonary muscles, small fan- 
shaped sheets of muscle, arising from the junctions of the 
sterna] and vertebral ribs, and passing into an aponeiu-osia. 
which covers the ventral surface of the lungs, between the 
dorsal walls of the air-sacs and the pleura. 

278. The pulmonary pleura, a delicate membrane, 
continuous with the peritoneum and immediately investing 
the ventral surface of the lungs : to see it the costo- 
pulmonary muscles and their aponeurosis must be removed. 

XLIV. Cut through the trachea about an inch anterior 
to its bifurcation : dissect away the lungs from the 
dorsal body wall and remove them from the body 
with the bronchi and ptreterior end of the 
trachea : note : 

279. The transverse depressions on the dorsal surface of 
the indistensible lungs, corresponding to the ribs, and the 
intervening elevations which fit into the intercostal spaces. 

280. The dilatation of the posterior end of the trachea 
into the syrinx (Fig. 57, sy), or "lower larynx." 

281. The intrinsic syringeal muscles, paired narro*' 
bands arising from the sides of the trachea about an inch in' 
front of its bifurcation, and passing backwards to beinseite<Ll 
into the sides of the sjTinx. 

2S2. The complete tracheal rings, their vetitral halvesi 
bony, their dorsal halves cartilaginous. 

283. The bronchial half-rings, along the outer side of'i 
each bronchus ; the first is bony, the rest are cartilaginous t 
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I the inner face of each bronchus is flat and membranous, and 
V constitutes the membrana tympaniformis interna. 




Fig. 57.— Columba livia. The long?!, filled from the trachea with 
B, solid injection and viewed from the ventral aspect (nat size). 

Id the left lung the lironchus (h-, br') is traced to its lerminaiiDn by 
dissecting away the overlying ^nbstance of the liing. 

ir, principal bronchns ; it', br", b/", secondary bronchi : /.a, 
pulmonary artery : {>.v, pulmonary vein ; ty, syrinx : Ir, trachea: tj>.b, 
aperture for prebronchiiu ajr-sac : sb. b, for sub-hmnchial ; a. in, for 
anterior- intermediate : /.hi, for posterior- intermediate : f, for posterior 
(abdominal), 

r~K 284. The modification of the tracheal rings in the syrinx : the two 
I posterior rings are more widely separated from each other than the rest, 
tu)d (heir bony ventral portions send median processes towards one 
another, which are only separated by a small cartilaginous interval ! on 
the dorsal side these rings are incomplete, but are united with one 
another on each side of the middle line by a longitudinal cartilaginous 
bar : the bony first pair of bronchial half-rings are in contact with one 
another dorsally and ventrally, and, with the distal tracheal rings just 
described, inclose a clmmber, the tympanum. 

aSj. If Che air-sBcs, and conseqnenlly the lungs, are injected, the 
secondary bronchi (iV, bt", br"') nill be .leen branching out over the 
interior and internal regions of the ventral surface of the lungs ; they 
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have thin memliranous vrnMs, and in uninjected specimens b 
readily recognised. 

236. The apertures in the lung uhjch commonicate with the aa-saca, 
also seen readily only in injected specimeDS : the aperture of the 
posterior sac (p) is at the poslero-eitemal angle of the lung : that of the 
posterior-intcrtnediate (.fi.in) jmit anterior and eiternal to the last ; that 
of the anterior- inlermediale (a. in) at the end of a pronliaeiit secondary 
branchos on the ventral surface, just posterior to the entrance of the 
principal bronchus : that of the sub-bronchial {li.i) is also on the 
ventral surface, jnst anterior to the entrance of the chief lu-onchus : and 
that of the prebronchial {i/.i) at the anterior end of the iung. 

287. By tracing the principal bronchus through the lung (if un- 
injccted, this can be done by passing in a probe and cutting down upon 
it), it is seen to pass backwards and outwards to the postero-eitemal — 
corner of the lung, and then to divide into two short tubes, f 
anterior and external of which is connected with the posleric 
mediate air-sac (/.in), the posterior with the Jiosterior sac(i>j) : IhetubesH 
which communicate with the other air-sacs are Eiveu off fi-om a dilat*J 
lion of the principal bronchus, termed the vestibule, just after itfl 
enters the lung. Soon after entering the lung the bronchus lose; 
cartijagiudus half-rings. 

2SS. liuth from the principal bronchus and the secondary bronebi, I 
tertiary bronchi are given ofT in a pinnate manner : these in Ihev 
turn give rise to tubes of the fourlli order, 01 

XLV. Sever ihe bronchi at their entrance into thej 
lungs, and open the syrinx, under water, by th< 
removal of its ventral waU : note ; 

289. The cushion-like lateral ihicltenings of the walls o 
the tympanum, projecting into and narrowing its cavity : thej| 
mucous membrane covering thecn is thicker than elsewhercM 

290, The membrana semilunaris, a delicate, invf 
conspicuous, vertical fold of mucous membrane, projectmgJ 
forwards from the po.'iterior wall of the tympanum at thej 
point of bifurcation of the trachea: it is supported by a 
delicate bar of cartilage — tiie pcssulus — which extends^ 
vertically between Ihe adjacent dorsal and ventral extremities.^ 
of the first pair of bronchial half-rings. 
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XLVI. Dissect away the remains of all the organs still 
left in the body cavity, and make out on its 
dorsal wall : 
fgi. The thoracic spinal nerves, emerging from the 
I intervertebral foramina of the thoracic vertebra, and passing 
I transversely outwards parallel to anil eiiuidislant from the 
I Tibs. 

The brachial plexus, a network of nerves at 
' the root of the neck, formed by the union of the posterior 
cervical and anterior thoracic spinal nerves ; from it are 
given off the nerves to the shoulder and wings, 

293. The lumbar plexus, formed by the nerves which 
I emerge through the intervertebral foramina of the lumbar 
I vertebra: it gives off the femoral nerve to the front of 
I the thigh, and the small obturator nerve which traverses 
1 the obturator fissure (§ 105) and goes to the muscles about 
\ the acetabulum. 

294. The sciatic plexus, formed by nerves emerging 
I from the intervertebral foramina of the sacral vertebne ; 

it goes mainly to form the great sciatic nerve which 
' accompanies the sciatic artery (§ 224). 

295. The sympathetic nerves, delicate, paired, longi- 
tudinal cords, running close alongside the vertebral column, 
and having at intervals ganglia, which are connected with 
the spinaj nerves just at their exit from the intervertebral 
foramina. 

Posteriorly the two sympatlielics unite in a single imail ganglion 
iinpar : anleriorly each forms a Inrge TJOSlerior cervical ganglion 
lying ventral to the brachial plexus, and Ihence pa;jes along the vcitu- 
brarterial canal, alonjpide the vertebral artery, to the head. 

XLVII, Dissect away the skin from the dorsal surface 
of the uropygium, and note: 
B96. The uropygial gland, a whitish, bilubed organ, 



about a quarter of an inch long, with its backwardly directed 
apex passing into a duct which opens in a distinct median 
papilla. 

XLVIII. Cut through one side of the lower jaw I 
near its articulation, open the mouth widely, and 
observe ; 

297. The palate, or roof of the month, marked by a i 
median longitudinal slit, bounded by two fimbriated folds | 
of mucous membrane, between which are the posterior | 



298. At the posterior end of the palatal folds i 
single median aperture of the Eustachian tubes, | 
which communicates, right and left, with the tympanic- j 
cavities {§ 31B). 

399. The velum palati, a bilobed ilap of i 
membrane, with fimbriated edges, forming the posterior I 
termination of the palate. 

300. The tongue, pointed in front, bifid and fimbriated | 
behind. 

301. The glottis, an oval aperture just behind the root 'I 
of the tongue, leading into the trachea ! its margins are I 
slightly fimbriated, and immediately behind it is a bilobed | 
fimbriated fold of raucous membrane. 

302, The wide pharynx, leading into the gullet. 

303, By dissecting away the mucous membrane of the i 
glottis, the larynx is found, a cartilaginous apparatus form- 
ing the anterior end of the trachea. 

The larynx consisls of the following parts :— (a) the thyroid, aM 
partly owiified carlilaginous plate, bent upon itself in the form of &ff 
dorsally incomplele ring-, wide and scoop-shnped venCrally, n: 
dorsally : {i) Uie cricoid, a small longitudinal rod of cartilage, ; 
posed between the doraal ends of the thyroid : {c) the arytenoids^ 1 
paired, somewhat triangular cartilages, ossified at their proximal ei 
where they articalale with facets on the anterior end of the cricoid; I 
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y form the actual supports of the glottis. The two anterior rings 
tof tlie tiadiea are incomplete dorsally, and the Gist has its doisal 
I tttremities fused with the thyroid. 

i.X. XLIX, Cut away the outer wall of one of the nasal 
■ cavities, first passing a probe from the aiiterior to 

the posterior nares : note : 

304. The elevation caused by the turhinal (§ 71), covered 
\ by the dehcate Schneiderian membrane. 

305. The relations of the anterior and posterior naies 
I to the nasal cavity. 

y^ L. Remove the dorsal wall of the orbit : observe 
' the four straight and two oblique muscles, which 

have the same relations as in the lower vertebrata 
(see pp. 77. 78, ^ 191—203) : remove the eye with 
the nictitating membrane by cutting through its 
muscles and the optic nerve : observe : 

306. The lacrymal gland, a whitish irregular body in 
the postero-dorsal region of the orbit. 

307. The Harderian gland, a small pinkish body in 
terior region of the orbit. 
. The form of the eye : its inner half has the usual 

hemispherical figure, but its outer half is somewhat obtusely 
I conical. 

309. The entrance of the optic nerve, in the centre of 
[ the inner hemisphere. 

. The bursalis, a somewhat quadrate shoot of 
muscle, arising from the dorsal region of the inner hemi- 
sphere by a convex edge, and passing downwards to end in 
a concave edge just over the optic nerve : the lower edge 

1 forms a tubular tendinous sheath, 
311. The pyramidalis, a triangular muscle, arising 
from the an tero- ventral region of the inner hemisphere; it 
passes upwards and backwards, and, jvist in front of the 
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Optic neive, ends in a tendon which passes through the^ 
sheath of the bursalis, then proceeds downwards and back'l 
wards, curves round the postero-ventral margin of the eye-» 
ball, and finally passes forwards to be inserted into the edgel 
of the nictitating membrane. 

312. The sclerotic, cornea, iris, and pupil have the 
same relations as ill other Vcrtebrata {see p. 84, §§ 224, 225). 

313. The sclerotic plates, small flat bones, arranged 
in an imbricating manner round the sclerotic just external J 
to its junction with the cornea. 

~-i' 1,1. Divide the eye, by an equatorial incision, into-| 
inner and outer hemispheres : note : 
3x4. The pecten, a. black plaited structure, in the | 
antero-ventral region of the inner hemisphere, having 3 
curved free edge, and an attached edge which extends from I 
the entrance of the optic nerve downwards and forwards, I 
parallel to the course of the pyramidalis (§ 311) : it consists I 
of a fold of the choroid, projecting through a fissure in the;! 
retina. It should be removed and examined under a low J 
power of the microscope. 

315. The choroid, retina, lens, and aqueous and 1 
vitreous humours have the same relations as i 
other Vcrtebrata (see pp. 84, 85, §§ 224—228). 

316. In the outer hemisphere, the choroid processes, ] 
radiating folds, developed in the outer part of the choroid, j 
between the outer edge of the iris and the ora serrate \ 
or free border of the retina. 

Lll. Cut away the walls of the external auditory 
meatus (§ 12.S), and make out : 

317. The tympanic membrane, a thin sheet of 
fibrous tissue stretched across the bottom of the external 
meatus. 

318. By carefully removing the tympanic membrane, the^ 
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tympanic cavity is reached, a small chamber, separated 
from the external meatus by the tympanic membrane, and 
communicating with the cavity of the mouth by the Eus- 
tachian tube (§ 298), into which a bristle should be passed. 
319. The relations of the columella to the tympanic 
I cavity {see § 61, p. 195). 

LIII. Carefully remove the skin from the shoulder and 
ming, and dissect ofl' the fascia, a strong sheath 
of connective tissue which covers the muscles, 
until the following can be made out ; 
jio. The tensor patagii longus, a small conical slip 
of muscle, arising from the an tero -external region 0/ the 
pectoralis major : it receives fibres from the tensor patagii 
brevis (§ 335), and passes dis tally into along elastic tendon, 
lying in the border of the alar membrane (§ 135), and in- 
serted into the skin on the pre-axial border of the manus. 
I X 3ZT. The biceps,- a large muscle forming the fleshy 
n the anterior border of the upper arm, and acting as 
the chief flcMr of the fore-arm. 

. The triceps, forming the fleshy mass on the poste- 
/ rior aspect of the upper arm, and acting as extensor of the 
fore-arm. 

The tensor patagii accessorius, a small 
squarish mass of muscle lying in the proximal region of the 
alar membrane : it arises from the fascia of the biceps ; its 
anterior border is connected by fascia with the tendon of 
the tensor longus, and from its posterior border a long stout 
tendon is given off which passes outwards, soon becoming 
parallel to the tendon of the tensor longus, and having a 

I common insertion with it. 
314. The extensor metacarpi radialis longus, a 
muscle forming the anterior or preaxial edge of the fore- 
arm, and acting as extensor of the manus. 
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335. The tensor patagii brevis, a oroad sheet of 
muscle covering the shoulder on its dorsa! aspect ; it arises 
from the dorsal ends of the coracoid and furcula, ] 
backwards, parallel to the hnmenis and partly covering the 
triceps, contributes fibres to the tensor longus, and is in- 
serted by a broad tendon into the fascia of the extensor 
metacarpi radial is longiis. 

326. The insertion of the subclavius {§ 166): the 
muscle passes anteriorly into a tendon which proceeds for- 
wards and outwards to the foramen triosseura : by cutting 
through and reflecting the tensor brevis, the tendon is seen 
to emerge from the foramen on its dorsal side and to be 
inserted into the dorsal surface of the hume 
greater tuberosity (§ 95) : by pulling upon the muscle, the 
wing is raised ; the subclavius is the chief elevator of the 
upper arm. 

327. The insertion of the pectoralis major (§ 153), 
by cutting through and reflecting the biceps: its fibres 
are gathered into a broad flat tendon which is attached 
along the whole extent of the greater tuberosity : the pec- 
toralis major is the principal depressor of the wing. 

LIV. Remove the skin from the leg, and, by carefiilly 
dissecting away the fascia, clear the muscles and 
their tendons sufficiently to show: 

328. The extensor tendons of the digits, on the 
anterior (dorsal) side of the tarso-metatarsus : those of the 
second, third, and fourth, or forwardly-directed digits, arc 
formed by the trifurcation of a single tendon, which, traced 
into the shank, is found to be the tendon of insertion of a 
small muscle, the extensor longus digitorum, which 
arises from the anterior face of the ])ro\iiiial end of the tibia : 
the extensor tendon of the first digit, or hallux, springs from 
a small distinct muscle, the extensor hallucis brevis, 
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iWhicli arises from the proximal end of the (arso-metatarsus. 
■Distally the extensor tendons run along the dorsal sides of 
the digits, closely bound down by fascia, and are inserted 
into the bases of the distal phalanges. 

329. The gastrocnemius, a large muscle consisting of 
distinct internal and external portions, and forming the 
outer layer of the fleshy mass on the posterior surface of the 
shank : its two heads arise respectively from the inner and 
outer surfaces of the proximal end of the tibia, the internal 
head arising also from the distal end of the femur : the two 
heads unite in a broad, flat tendon, which is inserted into tl i 
proximal end of the posterior surface of the tarso-metatarsus : 
its action is to straighten the foot on the shank. 

330. The flexor tendons of the digits, a large number 
of readily separable tendons on the posterior (ventral) 
surface of the tarso-metatarsus : traced into the leg they 
are found to be the distal tendons of a number of separate 
muscles, the flexores digitorum, which arise from the 
posterior and lateral surfaces of the tibia ; to see them the 
gastrocnemius should be cut through and reflected. Distally, 
the flexor tendons can be traced into the toes, either two or 
three to each (see §§ 331—334)- 

7" 33'- 1° '^^ fourth or oulermost toe there ate two flexor tendons, 
one being superficial or ventral to the other : the BuperliciaJ or per- 
forated tendon (springing koia the flexor perforalus muscle) sends 
ofF lateral slips to ttie proximal phalanx, and then forks, one division 

F going to each side of the second and third phalanges : the deep or 
perforating tendon, lying between the former and the bone, passes 
-between the division of the perforatuB, along the ventral surface of the 
phalanges, and ia inserted into the proximal end of the distal phalanx. 
33Z. In the third digit the arraligement is complicated by the presence 
of two perforated tendons : of these the bifurcations of one are inserted 
into the proximal, those of the oilier into the second, phalanx i so that 
through the fork of the Grst or superficial perforated tendon both the 
second perforated and the perforating tendons pass. 
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'^ ii^ In tlic second digit Ihc arronBeraenl is janular, except flial 1! 

tint or superficial pcrforatni tendon, instead of f>>rkiag, forms d 

sheath for the other two Eeiulona at the proximatcnd of tlie firi^t phaUnx.V 
. 334. In the first iligit or hallux, there are only two flexor tendons ;y 

of lhe<Le the perforating tenit on is suptificbl,anji (he perforated forms a' 

sheath for it at th« proiimol end of the first philanx. 

335. The perforating tendons of the second, third, and fourth dj^ts 
are all formed by the trifurcations of a single tendon, lying deeper 
than the i>erforated tendon^i, and belonging to a large muscle, the 
perooeus medius : this tendon is joined by a slip from that of 
the flexor perforans, which is continued to f>inn the perforating J 
tendon of the hallux. 

336. The arobiens, a small, slendsr muscle, lying suiierlicially 01 
the inner surface of the thigh, jnst over and parallel lo the femur : it'l 
arises from the pubis immediately ventral to the acetabulum ! distally it I 
passes into a long, slender tendon, which, on reaching the knee, pene- I 
Irates the fibrous capside of the joint, ciu-ves roimd to the outer side, \ 
passit;g at the same time distal wards, and finally joins the flezoi 
perforatus of the second and third digits. 

337- I''i o" "is undissected side, where the tendons st^.l 
not displaced, the shank is Sexed on the thigh and the 4 
tarso-metatarsus on the shank, as in percliing, the toes will I 
undergo complete flexion : this is chiefly due to the fact that I 
in the flexion of the tarso-metatarsus on the shank the flexor | 
tendons of the toes are put upon the stretch as they p 
the mesotarsal articulation (§ 117): it is also aided by J 
the flexion of the shank upon the thigh producing tension I 
of the ambiens tendon, which, in its turn, acts upon the! 
flexors of the digits. 

LV. In the hardened brain notice the following external I 
characters ; 

338. The medulla oblongata (Fig. 58, m.o), con- 1 
tinuous behind with the spinal cord, and like it composed I 
externally of white matter:' it greatly exceeds the cord in I 

' The distinction between white and grey matter is not obvious ic 
hardened brain; it is therefore convenient to h.\ve a freehly remi 
■ain for comparison. 
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I diameter, and at the junction of the two llicre is a strong 
ventral flexure : it is marked vtntrally with a median longi- 
tudinal groove, separating the ventral pyramids : on the 
upper side are the dorsal pyramids, wliich, passing from 
behind forwards, diverge, Icaviny :i median dorsal hollow, 
the fourth ventricle (Fig. 55, 1:4). 
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part of the brain not separated off from the medulla oblongata, 
but answering to the crura cerebri. 

347. Tlie fourth nerve (iv), arising from the dorsal 
side of the medulla oblongata at its anterior end : it eme^es 
between the medulla and the cerebellum, and passes down- 
wards in tlie groove between the medulla and the optic lobe 
to reach the ventral surface of the brain. 

348. The fifth nerve (v), a large trunk arising from the 
lateral surface of the medulla oblongata just behind the 
optic lobe ; its fibres extend upwards quite to the dorsal 
edge of the medulla. 

The fifth nerve arises by two roots, the larger of which presents an 
enlargement, tbe Gasserian ganglion. 

349. The sixth nerve (vi), arising from the ventral 
surface of the medulla near the middle line and just internal 
to the point of origin of the fifth. 

350. The seventh nerve (viij, a small trunk arising 
close behind the fifth. 

351- The eighth or auditory nerve (vni), a large, soft 
trunk arising close behind the seventh : its fibres are traceable 
upwards to the dorsal pyramids of the medulla. 

35a. The ninth (ix), tenth (x), and eleventh (xi) 
nerves, arising together close behind the eighth: they 
have small roots, the tenth (vagus) being the largest, and 
the eleventh {spinal accessory) distinguished by being 
traceable upwards and backwards alongside the medulla 
oblongata to the spinal cord, from which it arises between 
the roots of the spinal nerves, also receiving fibres from the 
medulla. 

353. The twelfth nerve or hypoglossal (xii), a 
small trunk arising from the ventral surface of the medulla 
internal to the eleventh, 



i$6 



ZOOTOMY. 



terior part of^^H 



339. The cerebellum (Fig. 58, ed), a median, 1 
compressed, crest-like mass, lying above the anterior part o 
the medulla oblongata ; it is marked by transverse furrows or 
sulci, between which are elevations or gyri : on the lateral 
surfaces of the cerebellum the sulci and gyri radiate from 
an area on which is a slight elevation, the flocculus (/) :J 
the cerebellum has a pink tint in the fresh brain, bein, 
composed externally of grey matter, 

340. The optic lobes (a/), paired,white,ovoidal bodice 
situated one on either side, immediately in front of I 
medulla and below the cerebellum, 

341. The cerebral hemispheres (f.//), paired, obtusely] 
conical bodies, 'in close contact with oue another, 
situated immediately in front of the cerebellum and opti< 
lobes, with both of which their hinder surfaces are in contact:^ 
they consist externally of grey matter. 

342. The pineal body (/«}, a small rounded mass t 
the dorsal surface of the brain, wedged in between thfi'] 
cerebral hemispheres and the cerebellum. 

343. The olfactory lobes (olf), small blunt projections, i 
connected one with the anterior end or apex of eacli 1 
cerebral hemisphere : from them the olfactory nerves -I 
(first pair of cerebral nerves) are given off to the nasal sacs. 1 

344. The optic tracts (o.t), forming a broad, whiC^ 
transverse band, concave forwards, between the optic lobes 
on the lower surface of the brain : from their anteriw 
median region the optic (second) nerves (11) spring. 

345. The infuodibulum {/«/), a rounded area with 
a central aperture, just posterior to the optic tracts; to 
it is attached the pituitary body, which is usually 
detached in removing the brain from the skull. 

346. The third nerve (m). arising close behind the J 
infundibulum, a short distance from the middle line, frora ttm 
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^^1 part of the brain not separated off from the medulla oblongata, 

^B but answering to the crura cerebri. 

^^1 347. Tlie fourth nerve (iv), arisiog frona the dorsal 

^^B side of the medulla oblongata at its anterior end : it emerges 

^^1 between the medulla and the cerebellum, and passes down- 

^^1 wards in the groove between the medulla and the optic lobe 

^^B to reach the ventral surface of the brain. 

^^m 348. The fifth nerve (v), a large trunk arising from the 

^^K lateral surface of the medulla oblongata just behind the 

^^1 optic lobe ; its fibres extend upwards quite to the dorsal 

^^M edge of the medulla. 

^^B The fiflh nerve arises by two roola, the larger of ivhicli presents an 
^^B cnlirgemeQt, the Gasserian ganglion. 

^H 349. The sixth nerve (vi), arising from the ventral 

^H surface of the medulla near the middle line and just internal 

^^1 to the point of origin of the fifth. 

^H 350, The seventh nerve (vii), a small trunk arising 

^^M close behind the tifth. 

^V 351. The eighth or auditory nerve (viii),a large, soft 
trimk arising close behind the seventh : its fibres are traceable 
upwards to the dorsal pyramids of the medulla. 

352. The ninth (ix). tenth (x), and eleventh (xi) 
nerves, arising together close behind the eighth: they 
have small roots, the tenth {vagus) being the largest, and 
the eleventh (spinal accessory) distinguished by being 
traceable upwards and backwards alongside the medulla 
oblongata to the spinal cord, from which it arises between 
the roots of the spinal nerves, also receiving fibres from the 

^H medulla. 

^H 353- The twelfth nerve or hypoglossal (xii), a 

^^B small trunk arising from the ventral surface of the medulla 

^^1 internal to the eleventh, 
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LVI. Separate the hemispheres from one another by I 
gently pressing them outwards, noting the absence 
of any connection between them : make a small 
incision in the inner wall of one of them near its 
postero -dorsal corner, so as to lay bare its cavity . 
(§ 357): carefully cut away enough of the innerJ 
and posterior walls of the hemisphere to expose I 
the whole of this cavity : also remove the cere^ ' 
bellum by cutting through its lateral attachments 
to the medulla oblongata (§ 354) ; note ; 

354. The altachment of the cerebellum to the medulla by 
strong, paired pillars of white matter, the peduncles (Fig- 
59, A, p) : from its attachments the cerebellum extends 
backwards over the medulla and forwards between the _ 
optic lobes. 

355. The optic commissure {o.c), a flat, hoiizonta 
band of white fibres uniting the optic lobes beneath thea 
anterior prolongation of the cerebellum. 

356. The thalamencephalon {t/ic), lying immediately! 
in front of the optic commissure, and hidden in the entiieg 
brain by the meeting of ihe-cerebral hemispheres with the^ 
cerebellum ; it consists of small paired masses of greyfl 
matter, the optic thalami, which, if the dissection hasJ 
been carefully conducted, will be seen to be covered by a,« 
thin sheet of pia matter full of blood-vessels, the velumj 
interpositum : this is best seen in a fresh brain. 

357. The lateral ventricle, or cavity of the cerebral 
hemisphere, an irregular chamber with very thin inner, 
upper, and posterior walls, but having its floor thickened 
and its dimensions greatly diminished by a large r 
white matter, the corpus striatum (c.r). 

358. The third ventricle (s^.s), a vertical cleft betweenJ 
the optic thalami, roofed over by the velum interpositum^J 
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I and bounded in part by a thin plate of grey matter, the 
I lamina terminalis, (/./). 
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Fill. 59. — Columba livia The hrain A, dissected from Ihedorsal 
aspect ; i), id longiludtnd vertical section ( a 2). 

In A, the hemispiieres are somewhat displaced outwards, and the roofs 
of the right lateral and optic veotrictes are removed, as well as the 
cerebellum and the velum interpositum. 

□.f, anterior commissure : ii, cerebellum : t.k, cerebral hemispheres : 
c.i, corpus striatum : /.m, foramen of Monro : inf, infundibulum : m.e, 
medulla oblongata : e.t, optic commissure ; a.eA, optic chiasma : oJ, 
optic lobes ; el/, olfactory lobes ; e.ti, optic ventricle : fi, peduncles of 
cerebellum : f,^, posterior comniiisuFe : fin, pineal body ; tic, thala- 
■ ■ -- "-'-^ ^le: K.4, fourth - -^■ 



naencephalon : 7.3, third ventricle : ^.4, fourth ventricle. 
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359- The foramen of Monro (//«), a small a 
the inner wall of the lateral ventricle at the level of the 
anterior end of the thalamencephalon : it communicates with 
the third vcnlriclo and transmits a vascular fold of pia 
mater, the choroid plexus, whith is continuous with , 
the velum inferpositum. 

360. The anterior commissure {a.c), a while, tran*- 1 
verse cord connecring the corpora striata with one another, \ 
and lying just below the foramina of Monro. 

361. The posterior commissure (/>.<:), a similar cord 1 
uniting the thalami immediately in front of the optic 1 
commissure. 

362. The fourth ventricle (^(.4), a wide flat cavity oa^ 
the dorsal surface of the medulla oblongata, covered, in tiieM 
enlire brain, partly by the cerebellum, partly by pia mater. 

LVII, Carefully remove the optic commissure and the^ 
dorsal wall of one or both optic lobes : observe ; 

363. The aqueduct of Sylviu3 (Fig. 59, B), 
median passage placing the third and fourth ventricles in i 
communication with one another. 

364. The optic ventricle (Fig. 59, A, cv), a cavity in I 
each optic lobe, communicating internally with the aqueducti 
of Sylvius, and with it representing the simple mesoctel 
the lower Vertebrata (see § iSi, p. 73, and § 86, p. 23). 

LVIII. Make a longitudinal vertical section of another* 
hardened brain, and note :- 

365. The continuity of the third ventricle, aqueduct i 
Sylvius, and fourth ventricle {Fig. 59, B, z'.3, ^.4). 

366. The relation of the foramen of Monro {/.rn) to thel 
third ventricle, and of the apertures of the optic ventricle toM 
the aqueduct of Sylvius. 

367. The downward continuation of the third ventricle J 
into the infundibulum («»/). 
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368. The relations of the anterior (ax)^ posterior (/.^), 
and optic {ox) commissures. 

369. The arbor vitae, or foliated appearance produced 
in the section of the cerebellum by the superficial grey 
matter being continued inwards into the sulci, and investing 
the outward prolongation of the central white matter into 
the gyri. If a second brain is not at hand, this maybe seen 
in a section of the cerebellum removed in § LVI : it is best 
seen, however, in a fresh braia 



THE RABBIT {Lrpus cuiiUulus). 



A.— THE SKELETON. 

I. It is advisable to have two skeletons for e 

ation, one of an adult animal, the other of al 
specimen about six weeks old ; the latter is thel 
more important of the two. In the adult skeletoaJ 
the bones are best kept in their natural connection, ' 
in the young specimen they should be all sepa- 
rated from one another by prolonged maceration, 
or by boiling for a short time in water. Of the 
entire skull a longitudinal vertical section should 
be made with a fine saw. 

II. In the skeleton as a whole, make out its division^ 

1. The axial skeleton, consisting of the skull (§ 4^ 
and vertebral column, with the riba and sternum. 

2. The appendicular skeleton, consisting of ■ 
shoulder-girdle (§ 5), the hip-girdle or pelvis (§ 6)J 
and the fore- and hind-limbs. 

3. The division of the vertebral column into regions a 
the cervical region, containing the seven ribless vertebra 
which immediately follow the head ; the thoracic regioiL 
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consisting of twelve or sometimes thirteen rib-bearing ver- 
tebne; the lumbar region, containing seven or some- 
times six large vertebrse without ribs ; the sacral region, 
consisting of four vertebrje more or less completely fused 
into a single bone, the sacrum ; and lastly, the caudal 
region, containing about fifteen verlebtEe, which extend 
from the sacrum to the end of the tail, 

4. The skull, consisting of the skull proper (brain-case 
and upper jaw), the lower jaw or mandible, and the 
tongue-bone or hyoid. 

5. The shoulder-girdle, consisting on each side of the 
scapula, or blade-bone, and of the small clavicle, or 
collar-bone. 

6. The hip-girdle, consisting of large paired bones, 
the ossa inuominata, united both with one another and 
with the sacrum. 

7. The fore-limb, divisible into three parts: a proximal 
division, consisting of a single bone, the humerus ; a 
middle division, containing two bones, an inner, the radius, 
and an outer, the ulna ; and a distal division, the manus, 
made up of the carpus or wrist, and of five digits. 

8. The hind-limb, also divisible into three parts ; a 
proximal, containing a single bone, the femur ; a middle, 
consisting of a large inner bone, the tibia, and a small 
outer one, the fibula ; and a distal, the pes, consisting of 
the tarsus or ankle, and of four digits. 

III. In one of the first half-dozen thoracic vertebrse 

9. The centrum or body, a sub-trihedral mass of bone 
forming the ventral portion of the vertebra. 

10. The neurapophysesorneural processes, paired 
bony rods, passing upwards and slightly outwards, one from 
each side of the centrum and uniting with one another 
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above to form the neural arch, through which the spiDidl 
cord passes : each neurapophysis consists of a ventn 
somewhat cylindrical portion, the peduncle, and of i 
dorsal flattened portion, the lamina. 

11. The neural spine, an elongated, backwardl 
directed process proceeding from the apex of the neur:^ 
arch at the junction of its two laminje. 

12. The transverse processes, short stout rods j 
ceeding directly outwards one from each side of the neurat| 
arch at the junction of the peduncle and lamina, 

13. The anterior zygapophysis, a small horizontals 
process projecting forwards from the anterior face of eadij 
neurapophysis at the junction of the peduncle and lamina :fl 
its dorsal surface is flat and smooth, forming an articular^ 
facet. 

14. The posterior zygapophysis, a slight proJecticM 
of the postero-ventral region of each lamina, bearing i 
articular facet on its under side.' 

15. In the young skeleton, the epiphyses, two thi 
bony disks, closely applied one to the anterior the other t 
the posterior face of the centrum to which they are ankylosc 
in the adult. 

In the young subject the epiphyses easily sepurate from the ^ 
proper, to whicli, indeed, they are leas firmly attached than to the iotel' 
vertebral ligaments (g 27) ; it therefore often happens, in macei 
that an epiphysis becomes detached from its own vertebra, but re 
united to Ihe next by the intervertebral ligajnent. 

The free surfaces of the epiphyses are smooth ; their inner surfaces, ll 
contact with the centrum, are rough, as also are the faces of the ceu 
itself: the centrum presents two oblique grooves, corresponding t< 
neuro-central sutures (§ t6), and equally well marked whether the la 

' It is useful to remember that the anterior face of a vertebra can 
nhvays be told by observing the zygapophyses : the Ciccts of the Rnlerior 
lygapophyses look upwards, inwards, or forwards, those of the posterior 
lygaiMphy^es downwards, outward^, or backwards. 
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e disappeared or not ; the inner (ace of the epiphysis bears t«a 
F ridges corresponding with thesegroavcs. It is thus easy to tell from the 
appearaace of a verlcbra ivhether its epiphyses are present or not. 

i6. The neuro-central sutures, oblique division planes 
separating the centrum proper, in the young animal, into 
ithree portions j the middle piece is a distinct bone, the 
lateral pieces are continuous with the neurapophyses. 

17. The tubercular facet, a small surface near theend 
of the transverse process and serving for the articulation of 
the tubercle of a rib (§ 29). 

18. The capitular de mi-facets, two semilunar surfaces 
at the junction of the centrum and neurapophysis, one at 
the anterior the other at the posterior border of the verte- 
bra, and furnished partly by the vertebra proper, partly by 
the epiphysis : the anterior demi-facet serves for the articu- 
lation of the head of the rib (§ 29) belonging to the vertebra 
in question, the posterior for that of the next following rib. 

IV. In the remainder of the vertebral column note : 

19. The last three thoracic vertebree: note the 
diminished size of the neural spine, which is vertical in the 
eleventh (anticlinal vertebra), and slopes slightly forwards 
in the twelfth, becoming at the same time compressed from 
side to side ; the shortness of the transverse processes, and 
the absence of a tubercular facet ; the entire capitular facet 
for the head of the rib, there being no half-facet on the 
posterior edge of the centrum; the metapOphysis,alarge 
process near the anterior border of the neural arch, just 
posterior to the anterior zygapophysis, and projecting 
upwards and slightly forwards. 

20. The lumbar vertebrae : note the short, forwardly 
directed, laterally compressed neural spine; the large 

itapophyses ; the anterior zygapophyses looking directly 
inwards, the posterior outwards ; the large transverse 



processes increasing in size from the first lumbar vertebra 
to the last, and turning forwards ; the hypapophysis, a 
short flattened process from the under surface of the 
centrum of the second and third; and the anapophysis, 
a small pointed process, projecting backwards from the 
posterior edge of the neural arch beneath the posterior 
zygapophysis. 

21. The sacral vertebrse : these are much like the 
lumbar, but have smaller metapophyses, and no anapo- 
physes or hypapophyses. In the first the spine is usually 
directed forwards, in the second it is vertical, and in the 
third and fourth directed backwards. The first and second 
only give attachment to the hip-girdle, for which purpose 
they are provided with great expanded lateral plates with 
roughened edges, which answer to sacral ribs. 

22. The caudal vertebrje, at first like the sacral, but 
gradually diminishing in size and complexity until they are 
reduced to mere centra. 

23. The last (seventh) cervical vertebra : it somewhat 
resembles the anterior thoracic, but the transverse process 
has no facet, and the centrum a demi-facet only on its 
hinder edge. The centrum also is so altered in shape that 
its anterior face looks downwards as well as forwards, and 
its posterior face upwards as well as backwards. 

24. The third to the sixth cervical vertebree ; these 
have the centrum with its anteriorface looking downwards and 
forwards, and its [Msterior face upwards and backwards ; the 
transverse processes are divided into two parts, one of which 
projects directly outwards, while the other (inferior lamina) 
forms a flat irregular plate, attached along the whole infero- 
lateral edge of the centrum. An aperture, the vertebrar- 
terial canal, perforates the base of the transverse process, 
and, during life, transmits the vertebral artery (§ 250). 
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25. The second cervical vertebra, or axis ; the centrum 
produced anteriorly into a strong, bluntly-pointed peg, 

the odontoid process; on the under surface of this is 
an articular surface, and on each side of ils base is another 
large surface; all these are for articulation with the first 
vertebra ; the spine is flattened from side to side, and greatly 
produced from before backwards ; the transverse processes 
are small, directed backwards, and jierforated by the verte- 
.brarterial canal. In young rabbits {six weeks) this axis 
consists of thiee pieces, one forming the arch, another the 
posterior part of the centrum, and the third the anterior 
part of the centrum with the odontoid process : the latter 
ossification (OS odontoideum) answers to part of the 
centrum of the atlas. 

26. The first cervical vertebra or atlas : the centrum 
is reduced to a mere flat plate, hardly thicker than the arch, 
and with less than half the antero- posterior dimensions of 
the latter ; the transverse processes are large, flattened from 
above downwards, and perforated; just within and below 
the vertebrarterial canal, on the posterior face of the 
vertebra, is a large oval facet for articulation with the 
corresponding surface of the axis, and on tlie upper siu- 
face of the centrum is a smaller facet corresponding to the 
surface on the ventral face of the odontoid; on the anterior 
surface are large, paired, irregularly crescentic facets for the 
occipital condyles (§ 34}. 

27. In an entire skeleton note the mode of articulation 
of the vertebrie ; tlie centra are united by pads of fibro- 
cartilage, the intervertebral ligaments, only to be seen 
in the fresh state; the arches are united by the anterior 
zygapophysis of any vertebra being overlapped by the 
posterior zygapophysis of the vertebra next in front. 

28. The intervertebral foramina, seen in the entire 
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skeleton .as spaces between the peduneles of successive 
neural arches ; they serve for the transmission of the spinal 
nerves. . 

V. Make out, in the ribs and sternum : | 

29. The seven true ribs : each consists of a completely' 
ossified vertebral rib dorsally, and of a cartilaginous 
sternal rib ventrally. The vertebral rib has a head 
articulating with the capitular facet on the centrum of its 
own vertebra and of that next in front j a tubercle on the 
dorsal side articulating with the tubercular facet on the 
transverse process of its own vertebra, and a short dorsal 
process just external to the tubercle. The sternal ribs, 
with the exception of the first, sixth, and seventh, articulate 
at the junction of two of the segments of the sternum. 

30. The five false ribs : in all but the first of these the: 
tubercle is obsolete, and in all the sternal rib does 
articulate directly with the sternum. 

31. The sternum, consisting of six segments, the 
so-called stemebrEe, of which tJie first is large, and keeled 
ventrally, and is called the manubrium. With the sixth is 
connected a rounded plate of cartilage, the xiphistemuin 
or xiphoid process. 

VI. In the skull note : 

32. The large development of the facial as comp: 
with the cranial portion of the skull, the latter includinj 
those bones which surround the brain-case. 

33. The large foramen magnum, on the postei 
surface of the brain-case, through which the spinal 
becomes continuous with the brain. 

34. The two oval occipital condyles, bounding 
foramen magnum at the sides and below. 

35. The large hollow on each side of the skull foimi 
mainly by the orbit or cavity for the eye, and bouni 
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below by a bony bar, the zygoma: its posterior part 
answers to the temporal fossa, 

36. The auditory aperture on each side of the hinder 
region of the brain-case ; it is formed by a sort of bony 

I tunnel, and looks upwards, outwards, and backwards. 

37. The nasal apertures, quite in front of the snout, 
\ and confluent in the dry skull. 

38. The very small extent of the bony palate, which 
is reduced to a narrow bridge running between the two rows 
of grinding teeth (see §§ 65 and 67). 

39. The articulation of the lower jaw to the skull directly, 
and rot through the intermediation of a quadrate bone. 

40. The distinctness of most of the bones even in adult 
life. 

41. The long, slender processes, given off from many of 
the bones and helping, in the dry skull, to keep the various 
bones together. 

42. The basioccipital, a flattened bone, bounding the 
foramen magnum below, and forming the hinder part of 
the base of the skull and the lower third of the occipital 
condyles. 

43. The exoccipitals, joined below with the bad- 
occipital, bounding the foramen magnum at the sides, 
and forming the upper two-thirds of the occipital condyles. 
Each is produced downwards into a paroccipital process, 
which fits closely against the posterior surface of the bulla 
tympani (§ 54)1 and is perforated near its junction with 
the basioccipital by two small apertures, the condylar 
foramina, which transmit the hypoglossal nerve. 

44. The supraoccipital, articulated below into the 
exoccipitals, and bounding the foramen magnum above : it 
is a very irregular bone, with a strongly- pit ted surface, and 
marked externally by a median, escutclieon-shaped elevation. 




In the adult, the basi-, ex-, and supraoccipitals are ail 
fused together into the single occipital bone. 

45. The interparietal, a small transversely oval bone, 
interposed between the middle part of the front edge of the 
supraoccipital and the parietals (g 46). 

46. The parietals, a pair of thin, slightly arched bones, 
forming a considerable part of the roof of the brain-case : 
ihey are separated from one another by the median sagittal 
suture, and from the interparietal and supraoccipital, with 
which they articulate posteriorly, by the transverse lamb- 
doidal suture ; the outer edge of each gives off a long 
downwardly directed process, which, in the entire skull, is 
covered by the squamosal (§ 53). 

47. The frontals, roofing in the anterior part of the 
brain-case, articulated with one another in the middle line 
by the frontal suture, and with the parietals behind by 
the transverse coronal suture. Each is an irregular bone, 
with a slightly arched upper surface ; an irregular anterior 
border ; an orbital process, a thin plate continued down- 
wards and inwards from its outer border, and forming the 
upper part of the inner wall of the orbit ; and a supra- 
orbital process, projecting directly outwards from the 
outer border, free al both ends, and forming a protection to 
the orbit above. 

48. The basisphenoid, articulated behind by a broad 
surface with the basi occipital, and tapering in front to a 
blunt point; it is perforated at about the middle of its 
extent by an oval foramen, and its upper surface is hollowed 
out to form the sella turcica, which lodges the pituitary 
body {§ 484), and is bounded before and behind by the 
anterior and posterior clinoid processes, of which. 
the latter only are formed by the basisphenoid. 

49. The alisphenoids; two wing-like bont-s directed 
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upwards and outwards, firmly ankylosed, even in young 
rabbits, one to either side of the basisphenoid, and pro- 
duced below on each side into two laminae, which unite 
with one another along their anterior edges, forming a 
dihedral angle open behind. These form the pterygoid 
process of the alisphenoid: with the inner lamina the 
pterygoid bone (§ G8) articulates. 

50. The sphenoidal fissure, a large notch on each side 
between the basisphenoid and alisphenoid ; it transmits 
the third, fourth, and sixth nerves, as well as the first and 
second divisions of the fifth. 

51. The presphenoid, a laterally compressed bone, 
joined behind to the basisphenoid by synchondrosis (carti- 
laginous union), so that in the dry skull there is always a 
considerable interval between the two bones. It forms the 
inferior and anterior boundary of a large oval aperture 
which puts the two orbits in communication with one 
another, and both in communication ' with the brain- 
case : this is the optic foramen, and transmits the 
optic nerves (§ 485). On its upper or cranial surface the 
presphenoid is produced behind into the two anterior 
clinoid processes : in front of the optic foramen it gives 
olf two irregular outwardly diverging lamins, which form 
part of the inner wall of the orbit, articulating above 
with the inferior border of the orbital process of the frontal. 

52. The orbitosphenoids : two wing-like lamin» 
directed outwards and slightly backwards, projecting one 
from each side of, and completely ankylosed with, the pre 
sphenoid ; they form the superior and posterior boundary 
of the optic foramen, 

53. The squamosal: a bone of very irregular form, 
articulating above with the parietal and frontal, in front 
with the orbital process of the frontal and the orbito- 
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sphenoid, below with the alisphenoid, and behind 
the descending process of the parietal. From its outer 
face is given off the zygomatic process, a strong bar 
of bone which passes first outwards, then downwards, and 
lastly forwards, and which bears on the under surface of 
its outwardly directed portion an articular surface — the 
glenoid cavity — for the lower jaw. From the posterior 
edge of the squamosal a slender process is given oS, which 
passes backwards and downwards against the siuface of the 
periotic(§ 56). 

54. The tympanic, a bone constituting the osseous 
part of the auditory meatus. It consists of a tubular 
portion above, and of a swollen portion below, which 
projects on the under surface of the skull and articu- 
lates with the lateral edge of the basioccipital : this last 
is the bulla tympani. Both tubular and bulbous 
portions are incomplete on the inner face, a vacuity being 
left which is only filled up when the tympanic bone is 
applied against the periotic. At the junction of the 
tubular and bulbous portions the tympanic is produced 

its inner surface into a curved flattened ridge, to which 
tympanic membrane is attached (§ 346). 

55. On the posterior border of the tympanic, at tl 
junction of its tubular and bulbous portions is a shall 
groove: when the tympanic is in place this, notch 
verted by the periotic into a canal, the stylo-masti 
foramen, which transmits the seventh nerve. A notch 
the postero -inferior region of the bone is also convei 
into a canal by the juxtaposition of the periotic, forming 
bony portion of the Eustachian tube (§ 351}. 

56. The periotic: a very irregular bone, articulal 
with the esoccipital behind, the supraoccipital above, 
descending process of the parietal in front, and the 
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1 occipital below ; the tympanic is closely apjilied to its outer 
surface, the tympanic cavity being enclosed between the 
two bones ; a process from its posterior edge fits over the 
groove just noticed in the tympanic, completing the stylo- 
mastoid foramen and helping to keep the two bones in 
position. On its outer surface, and therefore seen ooly 
when the tympanic is removed, are two small apertures, the 
anterior of which is the fenestra rotunda, the posterior 
the fenestra ovalis. On its inner or cranial surface 
is a large hemispherical depression, the floccular fossa, 
for the lodgment of the flocculus of the cercbeilum (§ 477), 
and beneath this is a shallow depression, the internal 
auditory meatus, with two apertures in it for the trans- 
mission of the seventh and eighth nerves {§§ 491, 492). 

57. The foramen lacerum medium: a large space 
I between the periotic and alisphenoid : it transmits the third 

division of the fifth nerve {§ 357). 

58. The foramen lacerum posterius : a space 
between the periotic and the exoccipital, through which the 
ninth, tenth, and eleventh nerves leave the skuli (§ 493}, 

59. The mesethmoid: this is seen only in the dis- 
articulated or bisected skull : it consists of two parts, the 
cribriform plate, riddled with numerous small holes for 
the passage of the olfactory nerves, and completing the 
an tero -inferior portion of the wall of the brain-case, and 
of the lamina perpendicularis, a median vertical plate, 

I which proceeds from the anterior surface of the cribriform 

|. plate into the nasal cavity. In the recent state the lamina 

F perpendicularis is continued forwards by a cartilaginous 

plate, the septum nasi, and the two together separate the 

right and left nasal cavities from one another. 
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u'hich encircles the noslril and unites below with 
antero-veutral rt^on of the septum. 

6i. The parethmoids, or ethmo-turbinals, twoJ 

complicated folded bones, situated one on either side of the! 
mesethmoid, to which they are ankylosed in the adulL 

62. The vomer, a long bone, deeply grooved on its 
upper surface, the groove receiving the inferior edge of 
the lamina perpend icularis and septum nasi; in the adult 
it is ankylosed to the parethmoids. 

63. The nasals, two large flat bones which roof in the 
nasal cavities, articulating with one another in the middle 
line, and with the frontals behind. The inferior surface 
each nasal is produced into a very thin, pouch-like prt 
of bone, the naso-turbinal. 

64. The premaxillEE, a pair of irregular bones which 
form the anterior boundary of the snout. Each gives off a 
long nasal process from its upper and posterior edge, 
wliich passes backwards and slightly upwards, articulating 
whh the external border of the nasal and with the anterior 
edge of the frontal ; a palatine process from its inner 
and anterior region, which passes directly backwards, in 
contact with its fellow of the opposite side along the 
palate ; and a short, stout maxillary process, which passes 
directly backwards from its poalero-ventral region and 
articulates with the maxilla in the premaxillo-maxillary 
suture ; and presents, in its a ntero- inferior region, two 
sockets or alveoli for the incisor teeth (§ 77). 

65. The maxillae, two large and very irregular bones, 
wliich, together with the preraaxilke, form the framework of 
the upper jaw. Their outer surfaces are spongy ; on their 
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Ventral surfaces are the alveoli for the premolar and molar 
teeth {§§ 79 and 80) ; the inner and inferior edge of each 
gives off, opposite the first and second premolar teeth, a 
horizontal palatine process, which, articulatmg with its 
fellow of the opposite side, forms the anterior half of the 
bony palate. From the outer and posterior region of each a 
strong process is given oiF, which turns first outwards and 
then backwards, its upper edge articulating with the lower 
«dge of the zygomatic process of the squamosal ; in the 
Bew-bom rabbit this process is a separate bone, the jugal 
or malar. A little above the first premolar tooth (§ 79) is 
an aperture, the infra-orbital foramen, leading by a 
cana! into the orbit, and transmitting the second division 
of the fifth nerve (§ 358). 

66. The maxillo-tarbinals, two thin scroildike bones, 
which occupy the anterior portion of tJie nasal chamber, 

67. The palatines, thin laminie of bone, which articulate 
in front with the maxillE, above with the orbital processes 
of the presphenoid, and behind with the pterygoid and 
with the pterygoid process of llie alisphenoid. From the 
inner and anterior region' of each is given off, opposite 
the third premolar tooth, a. horizontal, inwardly directed 
palatine process, which, articulating in the middle line 
with its fellow of the opposite side, and in firont with tlie 
palatine process of the maxilla, forms the posterior half of 
the bony palate. 

68, The pterygoid, a small, irregular plate of bone, 
articulating with the posterior edge of the palatine and with 
the inner lamina of the pterygoid process of the alisphenoid 
(§ 49) : it ends vcntrally in the free, backwardly curved 
hamular process. 

69, The lacrymals, two small bones fitted, one on 
side, into the anterior wall of the orbit, between the 
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maxilla and frontal : they often fall out in llie dry 
Each is perforated, near its outer border, by a small apei 
for the lacrymal canal. 

70. In the longitudinal section of the skull note the' 
cranial fossee for the reception of the chief divisions of 
the brain. The hindmost of these, or cerebellar fossa, 
for the lodgment of the cerebellum {g 477), is marked off 
from the cerebral fossa, for the cerebral hemispheres 
(§ 4S0), by a shar]) oblique ridge along the inner face of 
the periofic and by the junction of the parietal and supra- 
occipital ; it is along this line that the tentorium (g i6a) is 
attached. The small olfactory fossa, for the olfactory-, 
lobes (§ 483), is an offshoot of the anterior end of the 
cerebral, and is marked only by an inconspicuous ridge qflf 
the inner surface of the frontal. 

71. The mandible, or lower jaw, consisting of twp< 
separate halves, or rami, which articulate with one another 
in front by a rough surface. Each ramus consists of a 
horizontal portion, bearing ihe sockets for the teeth, and of an 
ascending portion, which ends above in the longitudinally 
elongated condyle for articulation with the squamosal. 
Anteriorly the ascending portion gives otf the plate-like, 
slightly incurved coronoid process. The postero-inferior 
portion, or angle of each ramus, is somewhat produced 
backwards, and gives off an inward shelf-like projection. 
On the inner surface of each ramus, at the junction of the 
horizontal and ascending portions, is the inferior dental. 
foramen, consisting of a number of small apertures and 
transmitting the third division of the fifth nerve (§ 357). 

Interposed between the condyle and tbe gU-iioid cavity is a. concavQ- 
coQvex plate of cartilage, the meniscuB. 

7a. The hyoid, situated at the root of the toiigu^ j 



1 



THE RABBIT. 277 

tHterior to the larynx (see §§ 124, 125, p. 289), and always 
^detached in the prepared skull : it consists of a stout thick 
I body, or basi-hyal, a pair of small anterior cornua, or 
[ cerato-hyals, and a pair of long, backwardly directed 
I posterior cornua, or thyro-hyals (cerato-branchials). 

VII. Carefully break away in an entire skull the outer 
wall of the tympanic bone, and make out the 
following bones : ^ 

73. The malleus, a small bone, recognised at once by 
[ the bony process or manubrium, by which it is attached, 

in the recent state, to the tympanic membrane. It con- 
sists of a rounded head, from which the manubrium and 
other lesser processes are given off, and which presents 
a saddle-shaped surface for articulation with the incus. 

74. The incus, articulating by a saddle-shaped surface 
[ with the malleus, and giving off two processes, the short 
[erus and the long crus. 

75. The OS orbiculare, a minute disk of bone attached 
§to the long crus of the incus, 

■}6. The stapes, a stirrup-shaped bone, having its base 
f inserted into the fenestra ovalis (§ 56), and articulated by 
a small knob on the summit of its arch to the orbiculare. 

VIII. Observe the following points in the teeth : 
77. The incisors, of which two are situated in each 

I premaxilla, and one in each ramus of the mandible. The 
anterior upper incisors are long, curved, chisel-shaped 
teeth, covered with enamel on the anterior surface only, 
marked on the same surface with a deep longitudinal groove, 
and destitute of roots. The posterior upper incisors are 

Ismail teeth, situated behind the corresponding anterior 
incisors. The lower incisors resemble the anterior upper 
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incisors, except that they are not grooved anteriorly, 
the position of rest they fit against the posterior uppt 



78. The absence of canines, or teeth situated i 
diately behind the prcmaxillo-maxillary suture. 

79. The premolars : three on each side of the upper 
jaw (in the maxilla), two on each side of the lower jaw, and 
separated by a long interval or diasterna from the incisors. 
They are long curved teeth, devoid of fangs. The first 
tooth in the upper jaw is small and quite simple : the 
remaining two are marked externally with a longitudinal 
groove, separating two well-inarlced ridges : their crowns J 
present two transverse groo\'es bounded by ridges. In th^ 
lower jaw the first premolar has two grooves and thrcB 
ridges, the second resembles those of the upper jaw. 

8a. The molars, three on each side of each jaw, and) 
closely resembling the tipper premolars, except that the li 
in each jaw is small and simple. 

IX. In the shoulder-girdle and fore-limb note : 

8r. The scapula, a flat triangular bone, lying, in the] 
natural position, external to the anterior ribs, its apex being 
over against the first rib, and the long axis, drawn from it^ 
apex to its base, inclined upwards and backwards. TheJ 
base of the triangle consists, in the recent state, of a strip ^ 
of cartilage, the supra -scapula ; its apex is formed by the 
smooth concave glenoid cavity for the articulation of 
the humerus: immediately anterior to this latter is a small 
inwardly curved coracoid process, consisting in the 
young animal (six weeks) of tivo separate ossifications and 
representing the coracoid of the lower Vertebrata: of 
these ossifications the pre-axial goes mainly to form the 
coracoid process, the post-axial is a small nodule bearing a 
facet which forms the anterior part of the glenoid cavity. 
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anterior or pre-axial edge of the scapula is the 
coracoid border, its post-axial edge the glenoid border ; 
a third or acromial border is constituted by the free 
edge of the large spine which projects from its external 
face; a fourth or supra-scapular border by its dorsal 
I edge. Its external surface presents a pre-sgapular fossa 
I anterior to, and a post-scapular fossa posterior to, the 
spine : its internal surface constitutes the sub-scapular 
fossa. The free ventral end of the spine is the acro- 
mion ; a small process, which projects from it backwards 
and downwards, is the metacromion. 

&2. The clavicle, a small, curved, rod-like bone, attached 
by fibrous tissue at one end to the sternum, at the other to 
the acromion. 

Attached to the outer end of Ihe clavicle is a small nodule of earlilage, 
the meso- scapular segment : attached to Us inner or sternal end ore 
two similiir nodules, that nearest the clavicle j^ the procoracoid, 
the other the omostemum. 

83. If the fore-limb be compared with that of a Lizard 
(p. 147 § X.), it will be seen that the altered position of 
the parts- in the mammal is due to the following changes : ^ 
(1) the distal end of the humerus has become rotated 
backwards so as to bring the whole limb into a plane parallel 
with the median vertical plane of the body; the pre-axial 
border then becomes external, and the originally dorsal 
surface looks, on the whole, backwards : (2) the radius 
and ulna have become fixed in the position of pronation, 
that is, the distal end of the radius has rotated round the 
ulna carrying the hand with it : the consequence of this is 
that while the pre-axial border of the proximal end of the 

' The changeH in position of the vertebrate Yimbi are best made out 

the skeleton of a man or ape, in ivhich the bones are articulated so 

to allow of the natural movenienls, including pronation and sopina- 

tion, being perfo-med. See Flower, OsSivhsy of the Mammalia, p. 245. 
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fore-arm is, like that of the humerus, external, the same 
border comes to be internal in the distal end of the fore- 
and in the manus, Ihe dorsal surfaces of which look, on Ihel 
"■hole, forwards. 

S4. The humerus, a long bone consisting of a shaft 
and of two prominent extremities, and having its long 
axis directed from the glenoid cavity downwards and back- 
wards, so that its originally doraal surface looks upwards and 
backwards, its ventral surface downwards and forwards, its 
pre-axialborder outwards, and its post-axial border inwards. 
The proximal extremity presents, dorsally, a roimded head 
for articulation with the glenoid cavity ; pre-axially, a large 
projection, the greater tuberosity ; post-axially, a smaller 
projection, the lesser tuberosity; and between the 
tuberosities a depression, the bicipital groove. On the 
anterior (ventral) surface of the proximal end of the shaft is 
the deltoid ridge. The distal extremity presents a large 
pulley-like surface, or trochlea, for the articulation of the 
ulna and radius, and a smaller pre-axial surface, or capi- 
tellum, for the radius only (see §§ 85 and S6) ; a deep 
Olecranon fossa on the posterior (dorsal) side, for the 
reception of thu olecranon process of the ulna, perforated 
by a small supra-trochlear foramen ; a small pre-axial 
external condyle just outside the capitellum; and a 
larger jiost-axial internal condyle, similarly situated with 
regard to the trochlea. In the young rabbit the extremities 
of the humerus consist of separate bones, or epiphyses. 

85. The radius, or shorter bone of the fore-arm, slighdy 
curved forwards, and so situated that its true dorsal surface 
looks forwards and slightly upwards, and its pre-axial 
border inwards. Its proximal extremity or head presents 
a double articular surface for the pulleys of the humerus: 
its distal extremity, a pair of slight concavities for the 
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scaphoid and lunar bones (§ 87) : the ventral (posterior) 
surface of the shaft is flattened, and fits against the 
ulna. In the young animal both extremities consist ol 
epiphyses. 

86. The ulna, or longer bone of the fore-arm : it is 
immovably articulated, though not ankylosed, to the radius, 
in the position of pronation, its anterior surface being 
flattened for the reception of that bone. At the proximal 
end of the same surface is the sigmoid cavity for the 
articulation of the humerus : beyond this the bone is pro- 
duced into the olecranon or anconeal process. At its 
distal end the ulna presents a convex surface for the 
articulation of the cuneiform (§ 87). In the young animal 
the whole distal end of the bone is formed of an epiphysis : 
the proximal epiphysis is small, consisting of a nodule on 
the olecranon. 

87. The carpus, consisting of a proximal and a distal 
row of small nodular bones. The bones of the proximal 
row, beginning from the pre-axial (inner) side, are sca- 
phoid (radiale), and lunar (intermedium), articulating 
with the radius, cuneiform (ulnare), articulating with the 
ulna, and pisiform (a sesamoid), articulating with the 
ventral (palmar) side of the cuneiform and with the ulna. 
In the distal row are five bones, the central one of which 
is distinctly proximal to the other four, and really con- 
stitutes by itself a middle row; this is the centrale, 
the others being trapezium (carpale i), on the pre-axial 
side, then trapezoid (carpale 2), magnum (carpale 3) 
situated immediately to the post-axial side of the centrale, 
and unciform (carpalia 4 and 5) on the post-axial side. 

88. The metacarpus, consisting of the five meta- 
carpal bones, of which that belonging to the first or prc- 
axial digit (pollex) is the shortest, the fifth somewhat longer. 




the second and fourth still longer, and the third longest 
all. The first articulates with the trapezium, the second 
with the trapezium, trapezoid, centrale, and magnum, the 
third with the magnum and unciform, and the fourth 
and fifth with the unciform. Their distal ends present 
pulley-like surfaces for articulation with the proximal pha- 
langes, and in the young animal are formed by epiphyses 
they have no proximal epiphyses. 

89. The phalanges, of which there art: two to the 
pre-axial digit, or pollex, and tliree to the other four. The 
proximal and middle phalanges liave hollowed proximal 
and pulley-like distal articular surfaces; the distal or ungual 
phalanges have hollowed proximal surfaces, and have a 
conical form, the dorsal surface being grooved for the firmer 
attachment of the homy claw. In the young rabbit the 
proximal end of the proximal and middle phalanges are 
formed by opiiihyses : they have no distal epiphyses, 

90. The sesamoid bones, small nodular ossicles siluated on the 
palmar side of the joints of the digits : there is a pair between the 
inetacaqial and proximal pLalani, and a single one between (be middle 
and distal phalanges of all the digits except the first 1 and one between 
the proximal and distal phalanges of the pollex. 

X. In the hip-girdle and hind limb note : 
gr. The pelvis, or hip-{;irdle, consisting of the two 
innominate bones. Each of these consists of an 
antero-dorsal portion, the ilium, articulated by a rough 
surface to the sacrum, and of a postero-ventral portion 
perforated by a large aperture, the obturator foramen, 
which divides it into a pre-axial (anterior) part, the pubis, 
and a post- axial (posterior) part, the ischium. In the young 
animal the ilium, ischium, and pubis are separate bones 
meeting one another in a triradiate suture in the centre of 
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the acetabulum," a deeply concave aiticutar surfece on 
the external face of the innominate bone. The ilium 
presents a ventral (pre-axial) pubic border, a dorsal 
(post-axial) ischial border, an external acetabular 
border consisting of an inconspicuous ridge running from 
the acetabulum along its outer surface, and an anterior 
(dorsal) supra-iliac border along its free end : that portion 
of its external surface on the ventral side of the acetabular 
border is the iliac fossa, that on its dorsal side the 
gluteal fossa j its inner surface is the sacral fossa. 
The pubes of opposite sides unite with one another in 
the middle line, by synchondrosis, to form the symphysis 
pubis ; the posterior part of the ischium is expanded and 
roughened, forming lis tuberosity (tuber ischii). 

92. If the hind-limb be compared with that of the Lizard 
(p. 151 §108), it will be seen that the femur, and with it 
the whole limb, has undergone rotation forwards : as a con- 
sequence of this the hind-limb is, like the fore-limb, 
brought into a plane parallel with the median vertical plane 
of the body, but, the rotation being in the opposite direc- 
tion, the pre-axial border is internal in the whole bmb, and 
the originally dorsal surface looks, on the 'vhole, forwards. 

93. The femur, the long axis of which, in the natural 
position, is directed downwards and forwards, so that its 
originally dorsal surface looks upwards and forwards, and its 
pre-axial border inwards. Its proximal extremity presents 
a rounded, projecting head on its pre-axial (inner) border, 
for articulation with the acetabulum; a large process, the 
greater trochanter, just external to the head; a pit, the 
trochanteric fossa, on the ventral surface, bounded 
pre-axiatly by the great trochanter; a lesser trochanter 

D the acetabulum by a samll 
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on the pre-axial border, immediately distal to 
and a smalt third trochanter on the post-axial (exteraalf 
bordLr, slightly beyond the great trochanter. On the head 
is a shallow jjit for the attachment of the ligamenlum 
teres (§ 471)- Its distal extremity presents an internal 
condyle (pre-axial) and an external condyle (post- 
axial), separated from one another by the intercondylar' 
notch, which, with the condyles, forms the articular surfacefi 
for the tibia (§ 96) and patella (§ 95). The internal anS 
external tuberosities are small roughened projectionsy 
situated, the first on the pre-axial, the second on the 
post-axial, border of the distal extremity of the femur, 
close to the condyles. In the young animal the whole 
di.'Jtal end of the femur is formed by an epiphysis, while at 
the proximal end are two epiphyses, ore forming the head, 
the other the greater trochanter. 

94. Two nodular sesamoid bones, or fabella:, occur iiij 
connection with the dista! end of the femur, a smaller pre- 
axia!, and a larger post-axial, both being situated quite on tl 
posterior (ventral) aspect of the bone. 

95. The patella (a sesamoid), a small nodule of bon^' 
fitting against the pre-axial end of the intercondylar notch, 
and connected by ligament to the tibia. 

y6. The tibia, or larger bone of the shank, so placed 
ihat its true dorsal surface looks forwards and slightly down- 
wards, and its pre-axial border inwards. Its proximal ex- 
tremity presents two slightly concave articular surfaces 
for the condyle of the femur, and two roughened tuberosities 
on its pre-axial and post-axial borders respectively, A 
prominent ridge, the crest of the tibia, extends along the 
proximal end of the (anterior) dorsal surface of the bone. 
Its distal extremity presents two articular surfaces, one 
pre-axiai, and pulley-like, for the astragalus, the Other post- 
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axial, somewhat flattened, and projecting beyond the first, 
for the calcaneum (§ 99). 

97. The femoro-tibial or semilunar cartilages, tuo ihin plates 
interposed between the femur and the tibi:t : their conc3.ve edges are 
turned towards one another, and ihey are situated iiiimedialely beneath 
the condyles of the femur. 

98. The fibula, a small rod of bone, attached by its 
proximal end to the outer tuberosity of the tibia ; distally 
it fuses with the tibia at the middle of its length ; its proxi- 
mal end is formed by an epiphysis, 

99. The tarsus, consisting of six irreguJar bones 
arranged in three rows. In the proximal row are two bones, 
the astragalus (tibiak), situated on the pre-axiai side, and 
having at its proximal end a large pulley-like surface for 
articulation with the tibia ; and the calcaneum (fibulare), on 
Ihe post-axial side, having at about the middle of its length 
an articular surface for the tibia, beyond which it is pro- 
duced into the long calcaneal process, or heel. In the 
middle row is the single navicular (centrale), articulating 
chiefly with the distal end of the astragalus, but partly also 
with the distal and pre-axial edge of the calcaneum ; its 
ventral or plantar surface is produced into a large distally 
directed process. In the distal row are three bones, the 
mesocuneiform (tarsale 3) and ectocuneiform (tarsale 
3), articulating with the navicular, and the cuboid (tarsalia 
4 and 5), articulating thiefly with the calcaneum. The 
entocuneiform (tarsale i), is either absent or is ankylosed 
with the proximal end of the second metatarsal (see § too). 

100. The metatarsals, four in number, Ihe first (that of 
Ihe hallux or pre-axial dijjit) being absent. The third is 
the longest, the fotu-th the next longest, and thesecond and 
fifth of about the same lengtli. The proximal end of the 
second (the apparent first) articulates with tlie tuesocuneiform, 



and is produced into a. process which passes exteraal to the' 
latter, and articulates with the navicular; this process is a * 
separate bone in the young rabbit, and may represent the 
entocuneiforra. The second metatarsal articulates with the 
ecto cuneiform, the third an J fourth with the cuboid : all four j 
are in close contact with one another at their proximal ends S 
their distal ends are pulley-shaped. 

loi. The phalanges, of which each digit has three:^ 
they have the same characters as those of the manus (§ &gi 
p. 282). 

102. The aesamoid boncB of Ihe pes are similarly situated to thos 
of the manus. 

B.— DIRECTIONS FOR DISSECTION. 

XI. Make out the e."cternal characters as follows ; 

103. The hairy integument, which invests the body^ 
the hairs extending even over the tip of the nose and ti 
walking surfaces of the feet. 

104. The division of the body into head, trunk, a 
limbs : the union of the head and trunk by e 
though short neck : the short tail. 

105. The division of the head into a hinder cranial I 
portion containing the brain, and an anterior facial I 
portion or snout. 

106. The external nostrils or anterior nares, obliqueJ 
slits at the fore end of the snout, connected by a median M 
hairless groove with the mouth. 

107. The mouth, a small transverse aperture bounded byS 
the upper and lower lips ; the hairy integument stops at tliefl 
edges of these above and below, while at the sides 
tinned for a considerable distance into the cavity of the moutlu 

108. The vibrissae, or "whiskers," a number of loi 
stout bristles on the upper lip. 
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log. The larye eyes, guarded by aa upper and a lower 
eyelid, and by a third eyeUd or nictitating membrane, 
which can be pulled over the eye from its anterior (inner) 
corner, and is strengthened by a plate of cartilage. 

1 10. The auditory apertures, one on either side of the 
hinder region of the head, guarded by the large external 
ears. 

111. The two rami of the mandible can be felt through 
the skin, and, between their hinder ends, the movable 
larynx (§ 124). 

112. The vertebral column can be felt extending 
from just behinil the head to the extremity of the tail. 

113. At the sides of the anterior part of the trunk, the 
ribs can be felt through the skin, and along the middle 
ventral line of the same region the breast-bone or sternum. 
These, with the corresponding part of tlie vertebral column, 
enclose the anterior or thoracic region of the trunk, 

114. The posterior or abdominal region of the trunk, 
enclosed at the sides and below only by skin and muscle, 
except at its posterior extremity, where it is bounded by the 
pelvis, the ventral portion of which, or symphysis 
pubis, can be readily felt through the skin. 

115. The anus, a rounded aperture just under the root 
of the tail, and hounded laterally by two naked patches 
of integument, the perineal spaces, on which open 
the ducts of the perineal glands {see g 277), to the 
secretion of which the animal owes its peculiar and unpleasant 
Bmell. 

1 16. The urinogenital aperture, between the anus and 
the symphysis pubis : in the male it is small and situated at 
the extremity of the backwardly directed iiilromittent organ 
or penis, in the female it Js a large slit-like opening 
or vulva. 
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117. In the dduk male, a pair of considerable projection^ 
will be seen, one on either side of the root of the peniaU 
these are the scrotal sacs, and contain the testes. 

118. The scapula, a large bone, attached to the rest ofl 
the skeleton only by muscle, can be felt through ihe skin iai 
the antero-dorsal region of each side of the thorax. 

iig. The division of the fore-limb into upper-arm^ 
or brachium (almost hidden by the skin), fore-a 
ante bra chium, and hand or manus, the latter provide^l 
with five clawed digits : of these the innermost or pre-axialfl 
digit is distinguished as the thumb or pollex. 

120. The division of the hind-limb into thigh or 
femur (almost hidden in the skin), shank or cms, and 
foot or pes, the latter very long, and terminated by four 
clawed digits : the innermost of these conesponds with thfe 
index, the true first digit or hallux being absent 

121. In the female, the teats of the four or five pairs t 
mammary glands are seen, about two inches apart, on 
either side of the middle ventral line of the body: the 
anterior pair is thoracic, and occurs at about the junc- 
tion of the anterior and middle thirds of the thorax : thej 
remaining three pairs are abdominal in position, 

XII, Fix the animal in the supine position, , 

the ventral surface upwards j make a longitudinal 

incision into the skin over the sternum, and 

continue the cut forwards to the mandiljular 

symphysis and backwards to the pubic symphysis. 

With the handle of a scalpel, carefully separate 

the skin from the underlying parts over the whole 

ventral surface. Note : 

iZ3. A thin sheet of muscle — the panniculus 

nosus, or cutaneous muscle — lying immediately benes 

the skin, to which it is closely attached, and coveting 1 
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whole ventral surface of the tnmk and neck ; it is readily 
distinguished from the skin by containing numerous blood- 
vessels. In all probability it will be removed with the skin, 
if not, it should be dissected off separately. 

The cervical portion of (lie panniculus is caUed the platysma 
myoides : tlie fibres of it; thoracic portion are gathered into a strong 
bundle, which becomes tendinous and is inserted into the shaft of the 
bnmerus at its proximal end. 

123. In the adult female, the mammary glands, 
large, irregular, whitish masses, situated between the skin 
and the underlying muscles, and opening externally by 
the teats. 

1 24. The trachea, or windpipe, in the middle line of the 
neck, known by its regularly arranged cartilaginous rings ; 
it ends in front in the larynx, which is situated in the hinder 
end of the triangular space inclosed by the two rami of the 
mandible : to see these and the following structures clearly 
the cervical portion of the cutaneous muscle should be 
carefully dissected away. 

125. A median mass of muscle (mylohyoid, &c.) 
situated just anterior to the larynx and between the anterior 
ends of the mandibular rami : in it the hyoid bone is 
embedded ; the posterior comua {§ 72) emerge from its 
hinder border and pass backwards and outwards towards 
the larynx. 

126. The submaxillary (salivary) glands, reddish, 
ovoidal bodies, about one-third inch in length, situated one 
on either side of the middle line, somewhat anterior to the 

127. The external jugularveins, large vessels, usually 
gorged with blood after death, lying one on either side of 
the trachea. 
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ii8. The sternum, a bony bar in the middle line of the 1 
chest, ending behind in a large discoidal cartilage, the J 
xiphoid process. 

lig. The small, incompletely ossified clavicles, pass- 1 
iiig each from the upper extremity of the steraum to the) 
corresponding shoulder, 

130. The sterno-mastoid, a long slender muscl^l 
arising in conjunction with its fellow of the opposite sidel 
from the anterior end of the sternum, and passing obliquely! 
forwards and outwards to the skull, just internal to the ex-J 
temal jugular vein. 

131, The pectoralis major, a large muscle, coverin 
the ventral wall of the thorax : its fibres pass from the s 
of the sternum upwards and outwards to the upper arm. 

The fibres of the pectoralis major pass either directly outwardi;, o. 
the posterior pact of the muscle, outwards and forwards, and 
gathered into a strong bundle which is iasettel into the deltoid ricl| 
the humerus. 

133. The pectoraliB tenuis, a thin sheet of transverse fibres ci 
ing the anterior part of the pectoralis major. 

133. The pectoralis minor, seen hy removing the pectoralis major 
and tenuis ^ it is a triangular muscle arising from the slerntiCD, and 
inserted partly into the clavicle, partly into the scapula (see § 401). 

134. The ribs, largely concealed by the pectoral 
muscles ; each consists of a bony portion (vertebral rib) 
attached to the vertebral column, and of a cartilaginous 
portion (sternal rib), attached to the sternum : they j 
best seen by removal of the pectoral muscles. 

135. The external intercostal muscles, short fibre 
filling up the interspaces between successive ribs ; they a 
very transparent in the fresh subject, allowing the pin 
lungs to be seen through them. 

136. The blood-vessels and nerves of the . 
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^B passing from the thorax dorsal to (beneath in the present 

^■^sition) the pectoral muscles^ outwards to the arm. 

^H 137. The linca alba, a faint band of fibrous tissue, more 

^Hopaque than the general muscular walls of the body, passing 

^Hfrom the posterior extremity of the sternum to the symphysis 

^B|)ubis. 

^H tjS. The rectus abdominis, a band-like area of 

^B muscle lying on cither side of the linea alba : its fibres run 

^H 'longiludi nally . 

^B 139. The external oblique muscle, just external to the 

^^ rectus : its fibres run from above downwards and backwards. 

140. The internal oblique, seen by dissecting away part of the 
eiternal obliqne, which it iramedialelj nnderliea : its tibres run down- 
wards and forwards, crossing those of ihe external oblique. 

141. The transverBaliB, seen by distecling away a portion of bith 
external and internal oblique ; it lies between the latter and the perito- 
neum (3 145), its tibres running nearly parallel to those of Ihe external 

142. Poupart's ligament, a fibrous cord passing on 
each side from the symphysis pubis upwards and forwards 
to the anterior part of the ilium (§ 91), 

143. The blood-vessels and nerves of the legs, 
passing from tlie abdominal cavity, beneath Poupart's liga- 
ment, outwards to the leg. 

144. The abdominal viscera are seen, especially in 
young subjects, through the thin abdominal walls. 

XIII. Make an incision down the linea alba, from the 

I xiphoid process to the symphysis pubis : from the 

[ anterior extremity of this, make transverse in- 

cisions, and turn back the flaps of muscle. 
Without disturbing anything, note in the abdo- 
minal cavity thus laid open : 
145. The peritoneum, a moist shining membrane, 
lining the whole abdominal cavity. 
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146. The diaphragm, a thin membrane, partly muscular, 
partly fibrous, which forma the anterior wait of the cavity s 
through its transparent central portion will be seen the pmkl 
lungs. 

147. The large, dark-red liver, made up of several lobes, I 
and situated immediately posterior to the diaphragm. 

148. The smooth-walled, bluish-white stomach, partly I 
covered by the Hver : its more dilated (cardiac) end ii 
to lie towards the animal's left side. 

149. The reddish coils of the small intestine, some of 
which are seen at the anterior, others at the posterior part 
of the abdominal cavity. 

150. Inabout the posterior two-thirds of the cavityareseen I 
(usually) three folds of the enormous CEBCum or blind gat, I 
known by its olive-green colour, the spiral constricrion en- I 
circling it, and the fact of its diameter being many times I 
greater than that of the small intestine. 

i5r. The colon, usually situatedbetweentwofoldsof the 1 
cEcum, with which it is seen to be connected, and which it ( 
resembles in colour ; its diameter is less than that of the | 
cfficura, and its walls are sacculated. 

152. In the hinder end of the cavity, as well as ii 
right anterior comer, are usually to be seen portions of thfr. 
rectum, which is of a light brownish colour, and contains'l 
pill-like masses of black fiecal matter. 

153. Quite at the posterior end of the cavity is seen thej 
urinary bladder, the amount visible of which varies 
greatly according to its state of distension 

154. In a male specimen the scrotal sacs, hangins 
down from the abdominal cavity, one on each side of th^ 
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By turning aside the intestines, the kidneys (§§ 
■e seen attached to the dorsal wall of the abdomen. 
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I 156. In the female the uteri (§ 288) and ovaries (§ 291) 
are seen when the intestines are turned aside ; they are in- 
conspicuous structures in young individuals, but very obvious 
in aduits. 

XIV. Make a small aperture in one side of the 
diaphragm — say the left — and note the immediate 
collapse of the left lung. Dissect away the 
pectoral muscles, cut through all the vertebral 
ribs of the left side, except the last five, at about 
a quarter of an inch from their junction with 
the sternal ribs : from the posterior end of 
the incision thus made, cut downwards {i.e. to- 
■ wards the sternum) for about an inch, and 
then forwards, cutting through the sternal ribs : 
turn forwards the flap thus separated, and carefully 
dissect it away from the underlying tissues at its 
anterior end, so as to detach it altogether without 
injuring the jugular and brachial veins : proceed 
in the same way on the right side, noting that the 
right lung, like the left, does not collapse as long 
as the llioracic walls of its own side are intact. 
Note in the thoracic cavity thus laid open : 
157. The small size of the thoracic as compared with 
I tfie abdominal cavity ; this is usually the case in herbivorous 
\ animals. 

;8. The heart, a dark -red, conical body in the centre of 

the thoracic cavity, and enclosed in a thin membrane, the 

pericardium : its broad base is turned forwards, its 

blunt apex points backwards and somewhat to the left 

^1 side. 

^H 159. The thymus gland, a soft, fat-like body, anterior 
^^Ktoi and partly hiding the base o^ the heart It is especially 
^^K large in yoimg animals. 
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i6o. The lungs, spongy bodies of a light 
situated one on either side of the heart. They will be, by^' 
the pressure of the air on their outer surfaces, completely 
collapsed : to see tlicir actual shape and relations they 
should be inflated from the trachea, by making a small 
aperture in it and inserting a blowpipe, 

i6r. The pleura, a shining membrane lining the thoras;; 
and forming a double median vertical partition — the medii 
astinum — ^which divides the thorax into right and left 
pleural cavities, in each of which a lung is contained 
the mediastium is seen in the space between the pericardiunai 
and the sternum (see g 222). 

XV". Place the animal in the prone position, i.e. with the: 
dorsal surface upwards, first pinning together t 
reflected abdominal walls to keep the viscera in 
position ; make a median incision through the skin 
from the snout to about the middle of the thoracic 
region, and dissect away the skin from the whole, 
dorsal surface of the head and neck. Dissei 
away the rauscle from the anterior region of:j 
the neck and posterior region of the head, and 
iind the occipito-atlantal articulation, ot'^ 
place where the skull articulates with the vertebral' 
column. Cut through the occipito-atlanti 
membrane, which will be seen stretching between, 
the supraoccipital and the arch of the atlas 1. 
the anterior end of the spinal cord will be: 
seen, arched over in front of the space by the 
occipital bone, behind by the atlas vertebra. Ii 
sert the point of a pair of bone-forceps or stronj 
scissors between the cord and the bone, and cufei 
away the arch of the atlas : do the same with the! 
arches of the two or three succeeding vertebrs^l 
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until a small portion of the cord is exposed ; then, 
inserting the forceps between the medulla ob- 
longata and the occipital bone, remove the roof 
of the skull and expose the brain. Great care 
will be required to do this without injuring the 
brain, especially in the region just internal to 
the external auditory opening, where a lobe of 
the cerebellum (see§477) will be found embedded 
in a deep pit of the skull wall. Note as you 
proceed : 

162. The dura mater, a tough fibrous membrane lining 
the cranial and spinal cavities : it is continued inwards 
between the cerebral hemispheres (§ 480) as the falx 
cerebri, and between the cerebrum and cerebellum as 
the tentorium ; it is sometimes torn away with the 
fragments of bone, sometimes left adhering to the brain : 
in the latter case it is advisable to dissect it away from 
the dorsal surface of the organ before attempting its 
removal, 

163. The pia inater,a delicate shining membrane closely 
investing the brain and cord, and abundantly supplied with 
blood-vessels. 

164. As in the Pigeon (p. aar, § XXV.), the brain com- 
pletely fills the skull cavity, the space between the dura 
roater and pia mater being reduced to a minimum. 

XVI. Cut through the spinal cord about a quarter of 
an inch beyond its junction with the brain : care- 
fully lever up the brain with the liandle of a scalpel, 
and cut through all the nerves proceeding from it, 
working from behind forwards : dissect away the 
olfactory lobes {§ 483) from their attachments. 
Remove the whole brain and place it in alcohol, 
or, better, in saturated solution of zinc chloride, 
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for a day or two, and then, after removal of the J 
pia mater, in strong alcohol {see note, p. 46), 
XVII, Place the animal again in the supine position, I 
and make out in the abdominal cavity, without j 
cutting or tearing anything : 

165. The characters of the liver: its convex anterior 
surface applied to the diaphragm, its concave posterior 
surface against which the stomach fits, its attached dorsal 
and free ventral borders. The dorsal border is attached by a 
thin sheet of peritoneum, the coronary ligament, to the 
dorsal part of the posterior surface of the diaphragm : a 
median vertical sheet of peritoneum, the suspensory 
ligament, connects the anterior surface of the liver with 
the posterior surface of the diaphragm. This latter ligament 
divides the liver into a right and left segment; each 
segment is again divided into lobes, of which there are, on 
the right side, the ventral right central lobe (Fig. 60, 
p. 301, r.c), and the dorsal caudate lobe {can) closely 
applied to the right kidney ; and on the left side, the 
ventral left central lobe {i.c), the dorsal left lateral 
lobe (/./) fitting against the left anterior region of the 
stomach, and the small Spigelian lobe {sfg), fitting closely I 
into the lesser curvature {see § 168) of the stomach. 

166. The gall bladder, a green pyriform sac, embedded I 
in the right central lobe of the liver. 

167. The cesophagus, or gullet, a narrow tube emerg- , 
ing from the thorax through an aperture in the diaphragm, J 
dorsal to the liver, and entering the stomach, 

168. The stomach, divided into a large cardiac portion I 
to the animal's left, and a smaller pyloric portion to the I 
right side ; its posterior greater curvature, and anterior I 
lesser curvature ; the cardia or entrance of the ceso- I 
phagus towards the left of the lesser curvature, and thej 
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great cardiac dilatation of the stomach to the left of 
this point ; the pylorus, or place of exit of the duodenum 
(§ 173), at the pyloric end; and the antrum pylori, a 
somewhat dilated and thickened portion of the stomach, 
immediately to the left of the pylorus, 

169. The gastro-hepatic omentum, a sheet of peri- 
toneum connecting the posterior surface of the liver with 
the lesser curvature of the stomach, and covering the 
Spigelian lobe. It is continuous, towards the right side, 
with the duodeno-hepatic omentum, which connects 
the surface of the liver with the proximal end of the 
duodenum (g 173). 

170. The raesogaster, or sheet of peritoneum connecting 
the stomach with the dorsal wail of the abdominal cavity, 

171. The great omentum, a double fold of peritoneum, 
connected with the greater curvature of the stomach, and 
usually loaded with fat, 

[72. The spleen, a long, flat body of a dark red colour, 
attached to the cardiac dilatation of the stomach by a sheet 
of peritoneum, the gastro-splenic omentum. 

173. The duodenum, or pordon of the small intestine 
immediately succeeding the stomach; it forms a long 
U-shaped loop, not bound up with the rest of the small 
intestine, but closely connected with a portion of the 
rectum. 

1 74. The arrangement of the remainder of the intestine : 
the CECum vnth the greater part of the colon and part of the 
rectum are bound together by a single fold of peritoneum, 
the mesentery, which also suspends them to the dorsal 
wall of the abdomen : the greater part of the ileum, or 
portion of small intestine intervening between the duodenum 
and the caecum, is supported by a separate foM of mesentery. 

175. The connection of the lower end of tlie rectum 
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lo the dorsal body-wall by a sheet of peritoneum, the 
mesorectum. 

176. The passage of the ileum into the proximal end of 
the cKcum, and the exit of the colon from the same. 

177. The termination of the distal or blind extremity of 
the cscura in a finger-like, thick-walled process, about three 
inches long, the appendix vermiformis. 

178. The passage of the rectum posteriorly into the pelvic 
cavity, between the bladder and the vertebral colimm, to 
open externally by the anus. 

179. The reflections of the peritoneum : its pane-' 
tal layer, or lining of tlie abdomen, on reaching the middle ' 
dorsal line is reflected vcnlralwards, forming the various 
subdivisions of the mesentery — mesentery proper, meso- 
gasler, mesorectum, &c. — which thus consists of two closely 
applied layers, one continuous with the parietal layer of the 
right, the other with that of the left, side : on reaching the 
alimentary canal the two layers diverge again and invest it, 
forming the visceral layer or peritoneal investment of th) 
alimentary canal. 

XVIII. Turn over the stomach and intestines to the 
animal's right side, and make out ; 
iSo. The postcaval vein, or inferior vena cava 

' A rabbit Is best injected for anatomical purposes with plaster of 
Faiia {see p. 4S, note). Kill tlie animal ^vitli chlurofonu or potash 
cyanide : as soon as it is dead, open the thorax by cutting throiigh the 
sternal ribs of both sides, sufficiently far (rom the middle line not lo 
injure the mammary arteries (§ 250), catting across the posterior end 
of the stemum and lurniogit forwaitls : slit open the pericardium, and 
make a large incision, by a single cut of the scissors, in each ventricle : 
all this should be done very rapidly, if pofsible before the heart has 
ceased to beat, as it is desirable lo get rid of as much blood as possible: 
pass a ligature i ound the aorta close to its exit from the heart, and give 
it a single loose tie : when the bleeding ha! ceased, sponge the blood 
from the heart, and pick out any clots which may have formed in the 
left ventricle ; ^lasK a cannula through the incision in the ieft ventricle 
into the aorta, tighten the ligature and knot it firmly. By this openilior 
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(Fig. 6i, pic), a large vessel, usually gorged with dark blood 
after death, passing from the pelvis forwards along the ventral 
aspect of the backbone, through a notch in the liver, to the 
diaphragm. 

i8i. The aorta {Figs. 60 and 6r, d.ao), a smaller vessel 
than the postcaval but with thicker walls, of a pinkish 
colour, and usually conlaining comparatively little blood after 
death ; it runs partly behind, partly alongside, the postcaval. 

182. The cceliac artery {ax.a), given off from the aorta 
about an inch posterior to the diaphragm, and supplying the 
stomach, liver, spleen, and proximal parts of the duodenum 
(see § 19S). 

183. The anterior mesenteric artery (a.m.a), arising 
from the aorta about half or three-quarters of an inch 
posterior to the cceliac : it supplies the greater part of both 
small and large intestine. 

1S4. The cceHac ganglion, a. soft, pinki>^h-n'Iiitc mass of irrcgulnr 
form, situated ju=t anterior to the origin of the anterior mesenteric 
artery i it is connected by nerves to the mesenteric ganglion, which 
lies immediately posterior to the artery. 

185. The splanchnic nerve, emerging from beneath the diaphragm 
and passing backwards across the aorta to join the cceliac ganglion : it is 
a branch of the sympathetic (§ 239). 

Ili6. The gastric branch of the vagus, a small nerve taking a 
somevbat spiral course round the gullet to the stomach ; branches Irom 
it join the cceliac ganglion. 

187. The left kidney, a brownish-red body of character- 
istic shape, just posterior to the anterior mesenteric artery, 

the whole of the systemic arteries are injected ; the pulmonary arteries 
may be filled by proceeding similarly on ihe right side. The portal 
vein isreadilyinjectetl from its branch to the caudate lobe (Fig.6o, cau,), 
the cannula being directed towards the main trunk. The injection of 
the systemic veins is more difficult : the precavils can be filled from the 
eitemat jugular, the poKtcaval from the external iliac, ihe cannula, in 
both casef, being directed towards the heart, 
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h the aorta ^^M 

I 



and connected by the renal artery and vein with 
and inferior cava respectively (see §§ 253 and 354). 

188. The left ureter, a delicate white tube, passing from 
the inner edge of the kidney backwards and inwards towards 
[he pelvis : its exact relations will be studied later {§ 262). 

189. The left adrenal or suprarenal body, a small, 
rounded, yellowish body, placed immediately anterior to the 
origin of the renal artery and vein. 

190. In the female the left uterus. Fallopian tube, 
and ovary are now displayed, but are best studied at a later 
stage (§§288-291). 

191. The posterior mesenteric artery {f.m.a), a 
small vessel leaving the aorta a short distance posterior to 
the left kidney and branching out in the mesorectura to 
supply the rectum. 

192. The posterior mesenteric vein (Fig. 60, p.m.v), 
a small vessel in the mesorectum formed by the union of' 
branches parallel with those of the artery of the same name : 
it passes directly forwards to join the anterior mesenteric 
vein (§ 193}. 

XIX. Turn the intestines over to the animal's left side,, 
and spread out the duodenum, putting its mesen- 
tery slightly on the stretch, but taking care not to 
rupture it (see Fig. 60), Note : 

193. The anterior mesenteric vein {rn.v), a large 
vessel usually gorged with blood after death, lying in the 
duodenal mesentery and receiving veins from the 
coils of the intestine ; it is the chief factor of the portal, 
vein (5 199). 

194. The pancreas {pu}, not forming a solid mass, but- 
consisting of a number of small lobules, looking not unlike 
fat, spread all over the duodenal mesentery. 

195. The pancreatic duct (;>k,(^, ashort delicate tube. 
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The gullet (ai) il cat throngh and the stomich somewhat displ 
backwvds to &how the ramihcatlons of the cceliac artery {c<t,a) : 
duodenum {tin) is spread out to the right of the subject lo shov 
pancreas (/«) ; the branche.; of Ibe bile-duct (c.i.di, porta! vein {j 
and hepatic artei7 {A.a), are supposed to be traced a ^ort distance 
the various lobes of the liver. 

a.m.a, anterior mesenteric artery : cau, caudate lobe of liver, with 
its artei7, vein, aod bile-dnct : c.i.k, common bile-duct : cdM, cardiac 
portion of stomach : cM.a, common iliac artery: cz.a, coeline arteiy : 
cy.a, cystic artery ; ey.d, cystic duct : rf.ao, dorsal aorta : du, proximal, 
and dii, distal, limbs of duodenum : da.a, duodenal artery : dtt.k.a 
(in A), duodeno-hepatic artery : g.a, gastric artery aad rein : g.b, gall 
bladder : k.a, hepatic artery : h.d, left bile-duct : l.c, left cenbm lobe of 
liver, with its artery, vein, and bile-duct ; l.,^.v, lieno-gastric vein ; 
/./, left lateral lobe of liver, 'with its artery, vein, and bile-duct; mi, 
branch of mesenteric artery and vein to duodenum ; tiis.r, niesoreotum t 
m.v, chief mesenteric vein ; as, oesophagus ■.p.m.a, posterior mesenteric 
artery ; i.m.v, posterior mesenteric vein.: /«, pancreas: pn.d, pan- 
creatic duct: ^.v, portal vein ; pf.it, pyloric portion of stomach : nr/j 
rectum : r.c, right central lobe of liver, with its artery, vein, and bile- 
duct : spg. Spigelian lobe of liver, with its artery, vein, and bile*^ 
duct : spl, spleen ; sp.a, splenic artery. 



opeDing into the ascending or distal limb of the duodt 
loop, an inch or so beyond its Junction with the descending 
or proximal limb ; the duct will be seen to branch out into 
a number of fine tubes which pass to the lobules of the 
gland. 

196. The right kidney, situated about an inch k 

forward than the left kidney, and having its anterior porti 

partly covered by the caudate lobe of the liver ; the right" 

adrenal is in contact with its inner border, immediately 

anterior to the right renal artery and vein, and the right 

ureter passes from its inner edge backwards to the pelvis. 

XX. Turn the intestines into their natural position 

again ; tie a double ligature round the gullet close 

to the diaphragm and cut it between the ligatures ; 

draw the stomach backwards, turn forward the 

lobes of the liver, and dissect out the following 

structures (see Fig, 60) : 
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197. The common bile-duct {c.b.d), a delicate trans- 
parent tube containing greeniiih bile, entering the duodenum 
just beyond the pylorus, and receiving hepatic ducts 
from the various lobes of the liver and a cystic duct from 
the gall bladder. 

Calling the various hepatic ducts by the same names as the lubes from 
which they spring, the arrangement of the whole Eeries of biliary ducts 
is as follows :— The cystic duct (cj'.i/) unites with the right central 
duct to form a right bile-duct ; the left central and left lateral 
ducts ^milarly unite to foim a left bile-duct {h.d) \ the tiijht and 
left bile-dncta unite to form the common bile-duct (c.i.rf), which, 
about half way between its commencemeDt and its termination in the 
duodenuni, receives the posterior bile-duct formed by the union of 
caudate and Spigelian ducts. They are best demonstrated by 
injection ftoin the duodenal aperture. 

19S. Thebranchesof the cceliac artery (§182): shortly aflerils origin 
from the aorta it sends off to the left the splenic artery {sp.a), which 
passes to the dorsal side of the cardiac division of the stomach, supply- 
ing the latter as well as the spleen : soon after giving off the splenic 
artery the cieliac divides into three : of these the middle one, which 
continues the direction of the creliac, is the hepatic artery {h.a) ; it 
sends branches to the lesser curvature of Che stomach, and then turns 
forwards and sends a iwig to each tobe of the liver, and a Cystic 
artery {ty.a) to the gall bladder ; coming cff to the right of the hepatic 
is the duodenal artery \dii,a), which supplies the pylorus and the 
proximal part of the duodenum : coming off Co the left of the hepatic 
is the gastric actery \g.a), by which the main part of the stomach is 
supplied. 

igg. The portal vein {p.v), a large, thin-walled vessel, 
usually gorged with blood, situated dorsal to (beneath in the 
present position of the parts) the artery and duct. Anteriorly 
it passes into and breaks up in the liver, sending a branch to 
each of the lobes ; posteriorly it is constituted by the mesen- 
teric vein {§ 193, w.rj) towardstheanimal'sright side, and the 
lieno-gastric vein {l-g-v), which brings the blood from the 
stomach and spleen towards the left. 

300. The ramifications of the branches of the cceliac 



and mesenteric arteriesj and ot the tributaries of the porbul 
vein in the mesentery and on the walls of the intestine !' 
in nearly every case an artery and a vein run side by side, 
the vein being easily distinguishable from the artery by its 
greater diameter and thinner walls, and by retaining its 
blood after death. 

201. The lacteal S, delicate, transpaTent,colourlessves 
in the mesentery, running more or less parallel to thd 
arteries and veins. 

XXI. Pass double ligatures round the rectum juat 
anterior to the pelvic cavity, and round the portal ] 
vein just before it enters the liver (the hepatic artery 
and bile-duct may be included in the last liga- 
ture). Cut the rectum and vein between the 
ligatures, cut through the mesenteric attachments 
of the stomach and intestines, and remove them 
from the body. Unravel the intestine by cutting 
or tearing the mesentery, and make out : J 

202, The relations of the various divisions of the intestine tM 
the duodenum passes insensibly into the ileum: the ileuni^ 
at its posterior end enters an ovoidal sac with glandular walls, 
the sacculus rotundus, which marks the junction between 
ileum, colon, and cacum : the ceecnm preserves a tolerably 
uniform diameter for the greater part of its length, finally 1 
narrowing suddenly to form the appendix vermiformis : 
first portion of the colon passes insensibly into the cjecum^l 
of which it appears to form the proximal part ; about 
two inches from the sacculus rotundus it suddenly narrowftl 
and takes on its characteristic sacculations, at the samel 
time making a sharp bend so as to run almost parallel to it*n 
former course ; the transition between the colon and rectum ' 
is also very gradual, the sacculations of the former becoming 
fainter and fainter. 
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203. The length of the intestine as a whole : it is usually 
about 15 or 16 times that of the animal to which it belongs. 
The lengths of its five divisions, duodenum, ileum, ckcuih, 
colon, and rectum, 

204. The sacculations of the colon occur in three longitudinal rows, 
separated by three muiicular bands, or tieili« coU, whicb pass, at 
equal distances from one anolber, along the whole length of the colon. 

205. The Peyer'a patches, masses of lymphoid tissue occurring in the 
form of thickened areas on the walls of the ialestine ; those on the ilenni 
Bie oval and about half an inch long : on the wide portion of the colon, 
close to the sacculus rolundus is a lai^er patch abont three-qnartcre 
of an inch in diameter : the sbccuIus rotundua itself and the appendix 
vermiformfs are in reality Lu^e Peyer'a patches. 

XXII. Cut open the stomach, and parts of the small intestine, 
colon, rectum, cascum, and appendix vcrmiformis : in another 
specimen remove the caecum with a small portion of the ileum 
and colon, clear out its contents by directing a stream of water 
through it, and either distend with air and dry, or, hetter, 
distend with a a'5 per cent solution of chromic acid and place 
in a vessel of the same fluid until hardened : in either case cut 
apertures in various parts so as to see the interior. Note the 
following points in the internal structure of the alimentary 

306. The three coals of the stomach : the outer peritoneal invest- 
ment, the middle muscular layer, and the inner layer of mucous 
membrane ; the great thickness of the muscular layer in the antrum 
pylori : the slightly ditTerent character of the mucous membrane in the 
cardiac and pyloric regions ; the irregularly longitudinal rugje into wliich 
the mucous membrane is raised. 

207. The thick projcctingrim, or pyloric valve between the stomach 
and duodenum. 

203. The prominent aperture of the bile-duct in the duodenum 
just beyond the pylorus. 

log. The three coats of the intestin 
part, than those of the stomach. 

2JO. The irregular transverse ridges 
lucous membrane of the saiall inteatin< 
r villi which Ijeset these ; the latter a 
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211. The rounded aperture between the sacculus rolunduii a. 
colon, its margins [ontiing the ileo-colic valve. 

212. The spiral valve of the ciccum, a narrow spiral hajid projectiii 
into the cavity of the blind gut ajiJ corresponding with the extern 

213. The inlra.colic valve, a prominent Fold occurring at the beall 
between the two portions of the colon. 

314. The thick glaadulai walb of the appendix venniformia and 
saccnlus rotundus : the verj thin walls of the caecum itself, and the 
minute papillary elevations with which its inner ^urfs^e and that of the 
spiral vaJvc are beset. ■ 

215. The absence of villi iii the large intestine : the papillary surface I 
of the mucous membrane of the colon, the smooth character of that aC 



XXIII. Tie the postcaval vein at llie points where i 
enters and leaves the liver : remove the whole ofl 
the liver, with the exception of the part vhi^ ■ 
surrounds the postcaval. Note : 

216. The transparent, shining central tendon of the J 
diaphragm, and the muscular fibres which radiate from ] 
it to the body walls, and are collected dorsally into J 
two strong bands of muscle, the pillars of the dia- 
phragm, which pass backwards to their origin from th&l 
anterior lumbar vertebrie. 

217. The aorta, passing from the abdominal cavity for-J 
wards between the pillars of the diaphragm. 

2 18. Thecesophagus, passing through an aperture in thffl 
dorsal region of the central tendon. 

2ig. The postcaval, passing through an aperture! 
situated to the right and ventral of that for the gullet 

220. The three hepatic veins {Fig. 61, kv), by which.) 
the blood is taken from the liver to the postcaval ; they are I 
best seen by slitting up the intra-hepatic part of that vein 9 
two of them enter the postcaval immediately posterior to \ 
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the diaphr^m, the third near the point at which the 
postcaval enters the liver. 

221. The posterior phrenic veins {i.fh) taking the blood from the 
abdominal surface of the diaphragm to the postcaval. 

XXIV. Cut away enough of the ribs on one or both 
sides to get a good view of the interior of the 
thorax, and make out : 

222. The relations of the pleuree : the outer or parietal 
layer of each lines its own half of the thorax, to the walls of 
which it adheres closely (g 161) : the adjacent or inner faces 
of the two parietal layers form a double median vertical 
partition, the mediastinum ; the mediastinal space 
included between the two layers of this partition is largely 
occupied by the heart and its surrounding pericardium, and is 
thus practically obliterated in the greater part of its extent ; it 
is, however, readily made out in the interval between the heart 
and the sternum, where it is called the ventral (anterior) 
mediastinal space : at the entrance of the bronchi each 
pleura is reflected over the corresponding lung, forming the 
thin, closely adherent visceral layer. 

XXV. Cut through the posterior end of the sternum : 
separate the mediastinum from the dorsal surface 
of the bone and turn it forwards : open the 
pericardium by a longitudinal incision, and make 



I 



223, The relations of the pericardium : its outer or 
parietal layer forms a loose bag investing the heart, and, 
at the origins of the great vessels (§§ 229-232 and 237), 
reflected on to the surface of the heart, forming the thin, 
closely adherent visceral layer ; in the space included 
between the two layers is contained a small quantity of 
colourless pericardial fluid. 




3o8 ZOOTOMY. 

XXVI. Dissect away the pericardium, the thymus gli 
and any fat about the base of the heart which may 
obscure the vessels coming from it. Follow out 
these vessels to the head and anterior extieniities 
b^ clearing away the muscle, connective tissue, 
fat, fiic, by which they are surrounded. Also 
clean the aorta {§ 237) and postcaval, and follow 
out their branches into the posterior extremities, 
taking care not to injure the ureters (§ 
and the vasa deferentia (S 267) or uteri (§ a88). 

324. The left ventricle (Fig, Oi, /.v), which forms 
whole apex of the heart; it is lighter in colour than 
rest of the organ and harder to the touch. 

225. The right ventricle (^.?i), divided byanobliqi 
depression from the left ventricle : it is darker in colout' 
than the left and softer to the touch. 

226. The right and left auricles (r.au, l.au), situated 
above (anterior to) the corresponding ventricles ; they are 
small, dark, thin-walled chambers, slightly overlapping the 
bases of the ventricles. 

227. The ramifications of the coronary artery and 
vein over the surface of the ventricles. 

228. The bifurcation of the trachea, at about the level of] 
the base of the heart, to form the two bronchi, one 
which passes to each lung. 

229. The pulmonary artery (jJ.fl), proceeding from theiJ 
cone-like anterior prolongation of the right ventricle, and) 
passing forwards and to the left ; it soon divides into a rigld-j 
and a left trunk, one of which passes to each lung. 

230. The pulmonary veins {p.v), returning the bloodj 
from the lung to the left auricle. They are best seen at al 
later stage (see g 306). 
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The apex of the heart is someuhat displaced towards the 1< 
subject ; the arteries of the right and the veins of the left side a 
great measure removed. 

0.00, arch of the aorta: a.^j, internal mammary arteiy : a,/, anterior 
facial vein ! a.m, anterior mesenteric artery : a.fi, anterior phrenic 
vein : a>.v, azygos vein : ir, brachial artery : c.i/.a, common iliac 
artery : cM-v, common iliac vein : ta, cceliac arleiy : d,aa, dorsal 
aorta : t.c, external carotid artery ; e.il.a, external iliac artery ! e.il.ti, 
external iliac vein : e.j'u, external jugular vein : fm.a, femoral artery : 
fm.v, femoral vein : It.v, hepatic veins ; i.r, internal carotid artery : i.ci, 
intercostal vessels: i.il.a, internal ilioc artery: Lil.v, internal iliac 
vein : i.ju, internal jugular vein : >./, ilio-lumlnr artery and vein : »«, 
innominate artery ; l.au, left amicle : l.c.c, left common carotid artery : 
l.prc, left precaval vein : /.% left ventricle : n.ir, median sacral artery : 
p.a, pulmonary artery : p.epg, epigastric artery and vein '.p-f, posterior 
facial vein : /./v, posterior mesenteric ajiety : fi.ph, posterior phrenic 
veins '.ptc, .postcaval vein : /.d, pulmonary vem : r, renal artery and 
vein ; r.au, right auricle : r.c.c, right common carotid artery : r.prt, 

aht precaval vein ; r.z/, rigtit ventricle : sd.a, subclavian ixrtery : xl.v, 
icbvian vein : spm, spermatic artery and vein ; s.vs, superior vedcBl 
artery and vein : ul, uterine artery and vein : vr, vertebral artery. I 

331. The two precaval veins, or venae cav£e supe-1 
riores {r.pri:, l.prc), passing from the anterior end of the ' 
thorax towards the base of the heart ; each is formed by 
the union of the subclavian vein {ed.i^, from the 
corresponding arm, and the external jugular vein , 
{^.jii) already noticed (^ 127) from the head ; the right pre-l 
caval is seen at once to enter the right auricle : the left 1 
trunk is seen, on lilting up the heart, to curve round the J 
dorsal side of the base of that organ, and enter the samel 
chamber. Sometimes the two external jugular veins unite's 
with one another by a transverse connecting trunk in thei 
posterior region of the neck. 



The external jugular is constituted anteriorly by the anterior facial J 
vein (o./l, which runs just within the ramus of the mandible, and tb^l 
poBteriorfacial vein, \p.f\ coming from the external ear ; near its jone-l 
tion with the subclavian, it receives the internal jugular vein (i./b)J 
which runs close alongside the trachea, and receives the blood & 
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232. The thoracic portion of the postcaval vein (/fc), 
passing forwards from the diaphragm to the right auricle. 

233. The anterior phrenic vein (a.pA], passing Forwards from the 
diaphragm, alongside the postcaval, and pouring its conieQls into the 
right prccaval. 

234. The oesophagus, or gullet, passing from the 
anterior boundary of the thorax, dorsal to the trachea and 
between the lungs, backwards to its aperture in the 
diaphragm. 

235. The paired phrenic nerves, passing from the 
anteriorboundaryof the thorax backwards to the diaphragm, 
which they supply : the right nerve runs alongside the right 
prccaval, across the right auricle and along the postcaval, 
the left nerve runs along the left precaval and then passes 
just internal to the left lung. 

Traced forwards, the phrenic is found to take its origin from the siith 
cervical nerve ; if followed beyond the IhoraK, it should be left until the 
nerves of the neck (%% 244-246) are dissected. 

336. The thoracic portions of the vagi (see § 186 and 244) ; the right 
vagus enters the thorax to the right of the Iraehea along which it runs, 
thence passing on to the gullet and so ihrough the diaphragm to the 
stomach : the left nerve runs at first parallel to the left precaval, 
finally also reaching the gullet, along which both nerves take a spiral 

237. The aorta {ao), a large, elastic, thick-walled vessel, 
of a whitish colour, proceeding from the base of the heart 
behind the pulmonary artery ; it rises clear of the heart, then 
bends over to the left side, forming the arch of the 
aorta (a.aa), and passes backwards, arching over the left 
bronchus (§ 228) to reach the ventral face of the spinal 
coltmin, along which it passes as the dorsal aorta (d.ao) 
throughout the whole length of the thorax and abdomen, 
dividing at last into the two common iliac arteries 



(f.i/.a, § agS) which pass backwards and outwards to the J 
bind legs. Tbe aorta is united to tbe pulmonary arteiyJ 
by a short ligament, the remains of the embryonic ductus| 
arteriosus. 

338. The thoracic duct, or main Iruiik of ihe lymphatic system : 
slender, thin-walled lube, lying to the dorsal side of the aorta, and 
pouring its contents into the leFt sabclavian vein at its junction with 
the left eiterniii jugular : it is best seen by pulling the thoracic aorta 
somewhat to the right. 

235. The thoracic portion of the sympathetic nerves,, 
slender white cords, lying one on each side of the aorta, 
and having at intervals ganglia, which lie on the heads 
the ribs; each is continued backwards into the abdoi 
(§ 185) and forwards into the head (§ 245). 

240, The azygos or (right) cardinal vein (ae.v), best] 
seen by turning the heart and lungs over to the left side 
lies immediately to the right of the thoracic aorta, receiving 
the intercostal veins (i.cs) from the spaces between the 
seven posterior ribs : anteriorly it pours its contents into 
the right precaval. The blood from the five anterior inter- 
costal spaces is returned, on each side, into an anterioF^ 
intercostal vein which enters the corresponding 

241, The innominate artery (in), springing from the' 
arch of the aorta towards its right side ; it gives off at its 
origin the left common carotid artery {/.c.c} and then, 
passing forward, divides into the right common carotid 
(r.<r.() and right subclavian (s.i-/.i!). 

242, The left subclavian artery, taking its ongi 
from the left side of the arch of the aorta. 

Z43. The course of the common carotid arteries 
each passes up the side of the neck, external to the trach« 
and internal to the external jugular, gives off branches 
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the larynx, andj at about the level of the anterior end of 
the larynx, divides into the internal carotid (i.c), which 
passes dorsalwards to reach the brain, and the external 
carotid (e.c), which supplies the greater part of the head : 
the internal carotid may be recognised as being the first 
important branch given off from tlie outer side of the 
common carotid ; the external carotid divides almost 
immediately into branches lor the jaws, eye, &c. 

244. The cervical portion of the vagus, a nerve running 
to the outer side of each common carodd. 

Traced backward^i, the right vsgus is seen to pass across (vential to) 
[he right subclavian artery, the left across the arch of the aorta, to 
enter the thorax, where they Lave already been seen (B *36). 

245. The cervical portion of the sympathetic, seen by lifting up 
the carotid and carefully sepanitiug it from the vagu^i : it is a Rat pale 
nerve lying imraedialely dorsal to the artery : traced backwards, it 
enlarges at about the level of the first rib into the posterior cervical 
ganglion, and thus enters the thorax, where it bos already been seen. 

246. Traced forwards, the sympathetic is seen to enlarge, at a level 
just anterior to ihe larynx, into Ihtf anterior cervical ganglion, im- 
mediately external to which is a similar enlargement oF the vagus, the 
ganglion of the root ; crossing both nerves and the carotid artery at 
about the same level, but obliquely from behind forwards and inwards, 
is the slenJer tendon of the digastric muscle, and immediately 
behind and parallel to this tlie bypoglossal nerve. 

Z47. The thyroid gland, a brownish mass, consisting 
of two lobes applied to the sides of the larynx, and con- 
nected across the ventral face of the latter by a band-like 
intermediate portion. 

248. The large thyroid cartilage, forming the anterior 
part of the larynx, and the ring-like cricoid cartilage, 
forming its posterior part. 

249. The Hubmaxillary gland has been already seen : its doct 
(Wharton's duct) is a very line tube proceeding from its inner lacc to 
oil ilic lloor uf the mouth. 
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250, The course of the subclavian arteries : each,l 
soon after its origin, divides into the vertebral artery {vr), ( 
which dives inwards, and then passes forwards through the 
vertebrarterial canal of the cervical vertebrK (§ 24), to 
supply the brain and spinal cord ; and the brachial artery 
(ir), which passes directly outwards, and sends branches 
to the fore-limb and shouldei-girdle, giving off also the 
internal mammary artery (a.epg), a small vessel which _ 
runs backwards over the inner face of the wall of t 
thorax just external to the sternum. 

351. The thoracic arteries, small vessels given off in pairs from ' 
the thoracic anrln, and supplying the seven posterior intercostal spa,oeE. 
The five anterior intercostal spaces are supplied by a branch of the 
internal mammary. 

252. The phrenic arteries, arising from the aorta and supplyii^ _ 
the diaphragm. 

253. The renal arteries [r), of which the right com^ 
off almost immediately posterior to the anterior mesenter" 
(§ 183), and the left about'balf an inch posterior to th^ 
right; each passes immediately to the hilus (§ a6r) of tha 
corresponding kidney. 

254. The renal veins (r), each of which runs paralld^ 
and just posterior to the corresponding renal arteryj 
receives a large vein from the dorsal wall of the abdomen, T 
and pours its contents into the postcaval. 

2S5- The lumbar arteries and veins, sniali ves'els si 
dor&al walls of the abdomen, and springinij from the aorl 
ca.val respectively. 

256. The spermatic arteries .and veins {spni), taklof 
their origin somewhat posteriorly to the posterior raesenteria 
artery, from the aorta and postcaval respectively, and pass 
to the testes (§§ 266 and 2(58), or ovaries (§ 291). 

257. The median sacral artery {m.sc), a small trunk arising fron 
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LB dorsal side of the aorta, and passing backwards to the pelvis : it 
f corresponds to the caudal continuation of the aorta (see pp. 67, 115, 
f 335)- 

258. The common iliac arteries {c.il.a), formed by 
the bifurcation of the aorta : each gives off soon after its 
origin the ilio-lumbar artery (('./) to the posterior part 
of the dorsal abdominal walls, and then almost immediately 
divides into the internal iliac {i.il.a), which passes along 
the dorsal wall of the pelvic cavity, and the external iliac 
{e.il.a), which gives off an artery to the bladder and uterus, 
and then, passing beneath Poiipart's ligament, becomes the 
femoral artery (fm.a), and supplies the leg. Immediately 
external to Poupart's ligament the femoral gives off ihe 
posterior epigastric artery {p.epg), which is distributed 
to the ventral abdominal walls. 

59. The ilio-lumbar veins (/,/), large vessels which 
enter the postcaval just anterior to the bifurcation of the 
aorta. 

le Gases the left ilio-lumbar instead of directly entering Ihe 
postcaval, turns forwards, runs parallel to the latter, receives the lelt 
^rmatic, and enters the postcaval a little posterior to the entrance of 
he left renal, 

260. The trifurcation of the inferior cava at its posterior 
end into the two outwardly directed external iliac veins 
{e.il.v), and the median, backwardly directed common iliac 
vein (c.il.v). The external iliacs, like the corresponding 
arteries to which they are parallel, are the intra-abdominal 
portions of the femoral veins (Jm.v), by which the blood 
is returned from the legs ; they also receive the blood from 

I the bladder and uterus : the posterior epigastric veins 
(/■ 'M)< op*^" into the femorals immediately external to 
Poupart's ligament. The common iliac is formed by the 
union of the two internal iliac veins {i.il.v), which run 
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parallel and internal to the corresponding arteries along 
the dorsal wall of the pelvis. 

XXVII. Carefully dissect away the peritoneum from the 

kidneys, ureters, and genital organs, already noticed, 

as well as the fat which usually ohscures them. 

Make out ; 

a6i. The kidneys, compact red bodies of characteristic 

shape, lying one on either side of the lumbar region, the 

right considerably in front of the left. Each has on its 

inner edge a depression or hilus, and is covered by 

peritoneum on its ventral side only. 

262. The ureter (Fig. 63, A and B ur) a long white tube 
springing from the hilus, about one-eighth of an inch in 
diameter in its upper part, but rapidly getting narrower: 
the two ureters pass somewhat inwards towards the middle 
line, and then backwards almost parallel with one another, 
and enter 

263. The bladder (if), a pyriform sac, which may vary 
greatly in si^e and appearance, according to its state of 
distension; when full, it projects some distance into the 
abdominal cavity, and its walls appear very thin and show 
the bright yellow urine through them ; when empty it hardly 
appears above the pubes, and its walls appear thick and 
opaque ; it may be inflated from the urethra (§ 153). The 
ureters enter it about half way (in the collapsed condidon) 
between its broad anterior end, or fundus, and its narrow 
neck. 

264. The adrenals, or suprarenal bodies, small, 
yellowish- white bodies, of which the right is close to the 
corresponding kidney, while the left lies in the anterior angle 
between the aorta and renal artery. 

/« //le Male. 

265. The penis (A, c.c, c.s, g.p), projecting backwards 
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from the posterior edge of the symphysis pubis, and enclosed 
in a loose fold of skin, the prepuce : it is strengthened 




Fig, 62,— Lepua cuniculus. Thi 
the male, B, of Ihe female, from the left side {( n 

The kidneys imd proumal ends of tlie ureters, and in B the ovaries. 
Fallopian lubes, and nleri, are not shown. 

an, anus : il, urinary bladder ; c.f, corpus cavemosum : c,i, corpus 
apongiosum : c^, Cowpet's gland : g.i/, glans clitoridis : ^.ji, glans 
penis : /.gi, perineal gland : /'■S^', aperture of ils duct on the perineal 
ipace ; pr, anterior, ^, poslenor, and jt»^, lateral, lobes of prostate ! 
m, rectum: r.g/, rectal gland: u.g-.a, urinogcnital aperture; u.m, 
uterus masculinus ; «r, ureter ; i/a, vagina : vi, vestibule : v.J, vas 



I ventrally by the two hard, closely appUed corpora 
I cavernosa (^.c), which, at the proximal end of the organ, 



ittached to ^H 
1 sis ting only o^H 
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diverge, forming the crura penis, and are attached t 
ischia ; dorsally it is soft and yielding, consisting only a 
the thin vascular corpus spongiosum {c.s, see § 279) : its 
free end is formed by a soft conical body, the glans penis 
(g.fi), which projects beyond the prepuce, and bears the slit- 
like aperture (u.g.a) of the urethra, a canal traversing the 
penis. 

266. The scrotal sacs, situated one on each side of 
the penis, and having their cavities in communication, by a 
widish aperture, with the peritoneal cavity, so that bypuUing 
upon the spermatic artery and vein (g 256) the testis 
which each contains can be retracted into the abdomen. 

267. The vasa deferentia {v.if), two whitish tubes 
resembling the ureters in appearance and size : they pro- 
ceed from the scrotal sacs into the peritoneal cavity, and 
then each curves over the corresponding ureter to reach the 
dorsal side of the bladder. 



XXVIII. Slit open one of the scrotal sacs along 
ventral wall, and make out : 

268. The testis, a pinkish-white, ovoidal body, about 
inch long in a full-grown rabbit 

269. The epididymis, an irregular, convoluted bodj 
forming the greatly coiled proximal end of the vas deferens :' 
it consists of the caput epididymis, applied to the 
anterior end of the testis, and connected by a narrow 
band running along the inner edge of the latter, with 
the Cauda epididymis, which is continued posteriorly 
beyond the testis, and, anteriorly, gives origin to the vas 
deferens. The caput is usually much obscured by a mass 
of fat, in which run the spermatic artery and vein. 
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271. The coats of the scrotal sac : these are, a layer of skin exter- 
nally ; then a. layer of loose connective tissne, the dartos ; then a 
layer of muscle, the cremastcr, continuous with the internal oblique 
muscle of the abdomen ; and, lastly, an internal lining of peritoneiun, 
the ttinica vaginalis. 

273. The mesorchium, a double fold of peritoneum 

suspendiDg the testis and vas deferens to the dorsa! wall 

of the scrotal sac, after the manner of a mesentery : its two 

layers are continuous with the peritoneal lining of the sac 

I (tunica vaginahs), and are reflected over the testis. 

XXIX. Dissect away the kidneys, ureters, and scrotal 
sacs from the surrounding parts : cut away the 
symphysis pubis with bone forceps : cut through 
the two corpora cavernosa {§ 265) by which the 
penis is attached to the ischia. Remove the 
whole of the urinogenital organs from the body, 
together with the posterior end of the rectum, 
and pin them out in a dissecting dish, with the 
dorsal surface uppermost, taking care to preserve 
the natural relation of the parts. Carefully dis- 
sect away all fat and connective tissue, gradually 
separate the rectum from the other organs and 
turn it aside, making out ; 

273. The uterus masculinus {u.m), a large sac, 
sliglitly bilobed at its anterior end, and lying against the 
dorsal side of the neck of the bladder. The vasa deferentia, 
after curving round the ureters, are seen to pass between 
this sac and the bladder. 

274, Thepro3tate(/r), a glandular mass, in relation with 
the neck of the bladder and the uterus masculinus. 

It consists of five lobes ; an anterior [fir), so closely applied to the 
dorsal wait of the uterus masculinus as to be almost inseparable from 
it ; another poaletior {fr'), more prominent than the first, bilobed 
riorly, and easily separable from the uterus masculinus ; and two 
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small loterfll lobes Ifr"), lying along ihe sides of the neck of U 
bladder. 

275. Cowper's glands (r.^), a pair of brown, ovoid laei 
dialcly behind the posleriot lobe of the pro.lHte, tad enclosed u 
layer of muscle. 

276. The rectal glands {r-g/}, two brown elongate? 
glands, about an inch long and a quarter of an inch wida 
situated one on either side of tho rectum. 

277. The perineal glands (/.^/), similar in appear- 
ance to the rectal glands, but not more than half an inch 
long ; they lie, one on either side of the extremity of the 
penis, and are in relation externally one with each of tl 
hairless perineal spaces, on the surface of which its da< 
opens on a small papilla {p.gf). 

278. By slitting open the uterus masculinus along itfl 
dorsal wall, the vasa deferentia are seen to open into i 
ventral wall, near its junction with the bladder. 

279. The corpus spongiosum {cs), a quantity ( 
extremely vascular tissue surrounding the urethra, from 1 
about the posterior boundary of Cowper's glands to the J 
glans penis, with which it becomes continuous : to see iC a 
Batisfactorily, the rectum and rectal glands should be^ 
entirely removed. 

XXX. Turn the organs with the ventral side upper- 1 
most, and make a median incision along the I 
whole length of the penis, beginning at the-l 
glans and cutting through the fibrous septum.! 
between the corpora cavernosa ; continue the I 
incision forward so as to open the bladder i 
its ventral wall. Note : 

280. The small apertures of the ureters in the dorsal 1 
wall of the bladder at about the junction of its middle and J 
posterior thirds. 
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281. The verumontanum or colliculus seminalis, 
a small rounded elevation on the dorsal wall of the urethra, 
just posterior to its junction with the bladder. 

282. The opening of the uterus masculinus into the 
I urethra: a crescentic aperture JList in front of the anterior 
y edge of thj veruraontaniim. 

, The openin§3 of the prostatic duels, minute upctlures, 
usually about four in number, 011 each side of llie vciumontanHia. 

284. The openings of tlie duels of Cowper'a glanda, four 
extremely minute apertures in the dorsal wall uf the urethra, about 
half an inch posterior lo Ihc verumontanum. 

I In the Ffiiinh. 

I 285. The vulva, or external unnogenital aperture, 
(Fig. 62, B, ii.g.a) guarded by two tolerably prominent folds 
of mucous membrane, the labia majora, and leading into 
a wide tube, the vestibule, situated immediately ventral to 
the extremity of tiie rectum. 

z86. The clitoris {c.c, g.d), a hard, rod-like body em- 
bedded in the ventral wall of the vestibule : it consists of 
two closely applied corpora caveraosa {c.c), resembling 
the bodies of the same nam^ in the male (§ 265), and, hke 
them, diverging anteriorly as the crura clitoridis to be 
attached to the ischia : the free end of the clitoris is 

. formed by the glans clltoridis {g.cl), a small soft conical 

I body between the anterior (ventral) ends of the labia 
majora. 

287. The vagina (Figs. 62, B, and 63, va), awidish tube 
lying between the bladder and the rectum ; hke the other 
reproductive organs, it varies greatly in size according to the 
age of the animal. 

288. The uteri {Fig. 63, r.iit, /.ui), paired tubes proceed- 
ing from the anterior end of the vagina, and proceeding 
outwards towards the flanks ; they are comparatively wide 
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at their jMsterior or vaginal ends, but become 
anteriorly and pass almost insensibly into 

189. The Fallopian tubes {Jl-t), or aiUorior extremities 
of the genital ducts : they are somewhat convoluted tubes 
of small calibre, ending anteriorly in a wide, membranous 
funnel-shaped extremity with fimbriated margin. 




Fie. 63. — Lepus cuniculuB. The aaterior end of the vagina, wUt 
the right utrrus. Fallopian tube, and ovary (nat size). 

Part of the ventral wall of the vagina is removed, and the prox 
end of tlie left utenu is shown in longiiudinal section. 

^.1, Fallopian tube : fi.f, its perilonenl aperture : l.ul, left uterus : 
l.uf, left OS uteri ; r.ul, right uterus ; r.iil', right ob uteri : s, vaginal 
septum : va, vagina. 

290. The broad ligament, a sheet of peritoneum, sus- 
pending the uterus and Fallopian tube to the dorsal body 

291. The ovaries (oii), ovoidal bodies, about half an 
inch long and a quarter wide, situated just external to the 
fimbriated extremity of the Fallopian tube ; they have a 
whitish colour, and are studded over with small . 
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pinkish projections, llie Graafian follicles, each of which 

XXXI. Cut through the symphysis pubis, and dissect 
away the urinogenital organs from the body, fasten 
them with the dorsal side upwards, and make out 
the rectal and perineal glands, which have the 
same relation as in lliu male (see§§ 276 and 277); 
then remove these glands along with the rectum, 
and make out 

1^2. The vestibule (Fig. 62, B, vi), a wide tube, with 
the dorsal wall of which the rectum was in contact : with 
its anterior end the bladder and vagina are connected, 
while, posteriorly, it opens externally by the vulva. It 
has precisely llic relations of the urethra of the male (§ 265), 
and its walls are invested with a vascular tissue answering 
to the corpus spongiosum (§ 279). 

293. Cowper'a glands {c.gl), a pair of small whitish masses, lying 
on thi^ doFKil uall of t)ie vestibule at about the middle of its length. 

XXXII. Turn the ot^aru; with their ventral side 
upwards, make a median longitudinal incision 
through the vestibule, and continue it forwards 
until the cavity of the bladder is exposed : make 
a median longitudinal incision through the ventral 
wall of the vagina : afterwards slit up one of the 
uteri and the corresponding Fallopian tube along 
their whole length. Make out ; 

294. The small aperture of the ureters m the dorsal wall 
of the bladder about half way between its fundus and 
its neck. 

295. The almost insensible passage from the bladder to 
the vestibule, the neck of the former being very wide. 

296. The irregular rugie or ridges of mucous membrane 
into which the walls of the vestibule are raised. 
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297. The large, somewhat crescentic aperture by whict 
the vagina opens into the vestibule. 

298. The small aporlures of the duels of Cowpcr's glaniif 
dorsal wall of the vcElibule. 

399. The OS Uteri (Fig. 63, r.ut'), a small aperture withl 
a greatly thickened and rugose margin, on each side ol the J 
anterior end of the vagina, and leading into the corre-l 
spending uterus. Between the two ora uterorum is a ru<M-f 
mentary vertical septum {i) lending to divide the vagina il 
two tubes. 

300. The very thick walls of ihe uterus, consisting of a 
outer muscular layer and an inner mucous layer raised u& 
into very large and prominent rugK. 

301. The smooth walls of the Fallopian tube and tlu 
opening of that tube posteriorly into the uterus, 
anteriorly by its funnel-like fimbriated extremity (^■'^'l 
into the peritoneal cavity in the immediate neighbourhoodj 
of the ovary. 

In both sexes. 

XXXIII. Make a section of one of the kidneys, tlirougllj 

the hilus, and jarallel to the dorsal and venti: 

faces of the organ. Note : 

302. The sinus, alarge cavity excavated in the substancf 
of the kidney into which the hilus leads. 

303. The pelvis, a large funnel-like dilatation of •■ 
proximal end of the ureter, nearly filling the sinus ; 
in a number of small subdivisions, the calices. 

304. The urinary pyramid, a conical mass of kidn j 
substance, projecting irto the pulvis. 

305. The distinction between the superficial or cortict 
portion of the kidney which has a dotted appearanc(JB 
and its central or medullary portion, marked with s 
H'hicl] radiate outwards from the pj rauild. 
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XXXIV. Carefully remove from the body the heart 
and lungs, together with the posterior end of the 
trachea and recognisable |>ortions of the aorta 
and venas cavK, Fasten out tlie organs under 
waler, with their dorsal surface uppermost, and 
make out ; 

306. The course of the pulmonary arteries and 
veins : the arteries remain single until they reach the 
lungs; the veins are two from each lung, and enter the 
left auricle separately, in the U-shaped space between the 
two precavals. 

XXXV. Cut through the pulmonary arteries and veins 
close to the lungs, and separate the latter from the 
lieart ; make out ; 

307. The division of the left lung into two lobes, an 
anterior and a posterior ; the former is deeply divided 
by a transverse fissure. 

308. The division of the right lung inlo four lobes, called, 
passing from before backwards, the anterior accessory, 
the anterior, the posterior, and the posterior acces- 
sory ; the " accessory " lobes are considerably smaller than 
the other two ; the posterior accessory is situated internal to 
the root of the lung and rather to ihe leftside of the thoracic 
cavity. 

309. The cartilages of the trachea and bronchi, 
incomplete rings surrounding the votitral and lateral aspects 
of the tubes, but leaving their dorsal iides unstrengthened. 



31a The divisioa of the left bronchus into Iwo tubes, one for each 
lobe. 

311. The suMivisioos of the riglit bronchua : it firal gives off a 
branch on ihe outer aide to (he anlerior acce^*ory lobe, then one on the 
yenlral side lo the anterior lobe, and finally diviiiei into iwohmncljeifor 
the posterior and jioaterior accessory lobes. In some lustaiiees the 
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bronchus fur the anierior acces-sory lobe is given off from (he triichE«'* 
immediately before its bifurcalion, 

31a, By scnping away the lung substance the lironch: may be further 
followed r their cartilages soon lose the incomplete annular funn, and ' 
become irregular isolated patches 1 the branches given off from the 
bronchi into the substance of the lung come off at an acnie ai 



XXXVI. In the heart cut away the outer walls of bi 
auricles, so as to expose their cavities, takii 
care not to injure the veiiffi cavfe or pulmoi 
veins. Note : 

313. The division of each auricle into a larger, smootll- 
walled, posterior portion or atrium, and a small, anterior 
portion or appendix auriculEC, which projects over the 
base of the ventricle, and the walls of which ate strength- 
ened internally by a network of muscular bands, 
musculi pectinati. 

314. The septum auricularum, or muscular di visit 
wall between the auricles. 

315. The fossa ovalis, an oval area on the septuml 
rather thinner than the rest of it; it is seen best from the' 
left side by holding the septum up to the light, and is sur- 
rounded by a slightly raised margin, the annulus ovalis. 
It marlts the position of the foramen ovale of the fcetus. 

316. The auriculo-ventricular apertures, by which 
the auricles respectively communicate with the ventricles. 

317. The apertures of the pre- and postcaval 
veins into right auricle ; that of the right precaval is 
anterior (upper) end of the auricle ; that of the postcaw^. 
in the postero-dorsal region, a membranous fold, 
remains of the fcetal Eustachian valve, extending from! 
its posterior margin towards the s.;ptum ; that of tl 
left precaval is immediately to the left of, and posterii 
to, the Eustachian valve, and is bounded behind (below 
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the upright position of the heart) by a semi-lunar fold, ihe 
valve of Thebesius. 

318. The aperture of the coronary vein, by which 
the blood is brought back from tlie substance of the heart ; 
it is 3. small round opening just wilhin the margin of the 
tunnel-like aperture of llie left precaval. 

319. The apertures of the pulmonary veins into 
(he left auricle. 

XXXVII. Cut away both auricles so as to expose the 
bases of the ventricles : cut away all but about 
an eighth of an inch of the aorta and pulmonary 
artery : pour water into the ventricles through the 
auriculo- ventricular apertures. Note ; 

320. The auriculo- ventricular valves, two sets of 
membranous flaps, which, when the filled ventricles are 
squeezed, come together at their edges and close the 
auriculo -ventricular apertures; but when the pressure is 
released fall down into the ventricles. On the left side are 
two flaps, together constituting the mitral or bicuspid 
valve ; on the right side are three flaps, together con- 
stituting the tricuspid valve. 

321. The semilunar valves, of which there are three 
at the origin of both the pulmonary artery and aorta : 
all three valves, in each case, are in one plane, and 
when there is fluid in the artery, come together by 
their edges, and close the passage to the ventricle; but 
when the ventricle is squeezed, the pressure forces them 
aside, and causes them to flap back against the walls of 
the artery. 

32a. The sinuses of Valsalva, slight dilatations of 
the aorta and pulmonary artery, just anterior to (above) 
the semilunar valves. 

323. The apertures of the coronary arteries, by which 
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bronchus for the anterior accessory lobe is given off 
immediately before its bifurcation. 

312. By scraping away the lung substance the brondt 
followed : their cartilages soon lose the incomplete an . 
become irregular isolated patches : the branches giv 
bronchi into the substance of the lung come off at an a« 

XXXVI. In the heart cut away the outer a 
auricles, so as to expose their cav*" 
care not to injure the venae cavae 01 
veins. Note : 

313. The division of each auricle into a laig 
walled, posterior portion or atrium, and a sma* 
portion or appendix auriculae, which project- 
base of the ventricle, and the walls of which are 
ened internally by a network of muscular b* 

musculi pectinati. 

314. The septum auricularum, or muscula 
wall between the auricles. 

315. The fossa ovalis, an oval area on th 
rather thinner than the rest of it ; it is seen besl 
left side by holding the septum up to the light, an 
rounded by a slightly raised margin, the annulu: 
It marks the position of the foramen ovale of tl 

316. The auriculo-ventricular apertures, 
the auricles respectively communicate with the ver 

317. The apertures of the pre- and pi 
veins into right auricle : that of the right precava 
anterior (upper) end of the auricle ; that of the 
'•* the postero-dorsal region, a membranous 

ains of the foetal Eustachian valve, extenc 
posterior margin towards the septum ; tha 
precaval is immediately to the left of, and 
<^ian valve, and is bounded behind 



the heart is supplied with blood, s 



laled ir 



3 of the aortic I 



f Valsalva. 

XXXVIII. Remove the outer walls of both ventricles, 
by making first a transverse incision along thi 
base of each, and then taking from its extremities 
converging incisions nearly to the apex of thf 
heart. Make out : 
2^4. The comparatively thin walls of the right ventricli 
and tlie extremely thick walls of the left ventricle. 

325. The septum ventriculorum, or partition between; 
the ventricles ; it is convex towards the right, concai 
towards the 1-eft side, so that, in transverse section, tl 
cavity of the right ventricle appears semilunar, that 
the left almost circular. 

326. The columnEc carneee, muscular ridges into which 
the inner surface of the ventricular walls is raised. One 
of those in the right ventricle usually takes on the form 
of a cord extending across the cavity from the inner to the, 
outer side, and called the moderator band. 

317. In the right ventricle, the three flaps of the 
tricuspid valve attached by their anterior edges round 
the auriculo-ventricular aperture : their irregular posterior 
edges, which depend into the ventricle, are attached by 
strings, the chorda! tendineEe, to small conical elevations, 
of the ventricular wall, the musculi papillares. 

328. In the left ventricle, the two flaps of the mitn 
valve, attached in the same manner as those of the tricuspii 
The papillary muscles are, however, fewer in number an< 
considerably larger in she. 

329. The conus arteriosus, or infundibulum, a pro- 
longation of the left anterior angle of the right ventricle, in 
the apex of which is the aperture of the pulmonary artery, 

330. The aperture of the aorta in the left ventricle, 
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XXXIX. Dissect away the skin from the side of the 
head, and make out: 
331. The masseter, a large mass of muscle covering 
Ihe posterior half of the mandible. 



332. The muscular branches of the seventh or facial 
nerve, passing from behind forwards over the outer surface 

' of the masseter. 

Tru^ backwards, these Dcrves arc seen to spring from a single trunk 
[ which makes its exit through the !.tyb- mastoid foramen (g 55). 

333. The parotid (salivary) gland, .1 soft, irregular, 
pinkish mass, situated just in front of and below the 
external ear. 

lis fine duct (Stenaon'a duct) passes forwards from its nnlerior 
Bdge, al'ng wilh Ihe branches of tlie seventh iietve, and in front 
I of the masseter muscle dips inwards, lo open into Lhe interiar of the 
■nontii. 

334. The infraorbital (salivary) gland, a large lobu- 
lated mass lying in the antero-inferior region of the orbit, 
partly outwards and partly within the cavity. 

Its duct passes downnnrds from its inferior edge, to open into the 
I cavil; of the mouth. 

XL.i Cut away, with bone-forceps, the supraorbital 
process of the frontal (§ 47), working from behind 
forwards, and making out ; 
335- The superior oblique muscle of the eye, arising 
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' unless that o^ieration has been conducted n ith very great a 



from the postero-intemal region of tlie orbit along with the 
recti (§ 338) and passing forwards and upwards to the under J 
surface of the anterior end of the supraorbital process ; there 1 
it passes through a tendinous loop attached to the bone, [ 
and then passing downwards and slightly backwards is ] 
inserted into the eyeball, 

336. The lacrymal gland, a pinkish mass situated i 
the upper and posterior region of the eyeball. 

337. The Harderian gland, a white, opaque, lobulated I 
body situated in the anterior region of the eyeball. 

338. The four recti and Ihe inferior oblique have ihe s 
rElilions as in the lower Veitebrala ( p. 77, §§ 192 — 194, and i>, 78, ^ I 

339. The third, fourth, and sixth cerebral nervea, issuing from tlic I 
sphenoidal fissure, and having the came general distribution to Che eye- 
muscles US in cbc loP'er Vertebrata (pp. 77, 78, g§ 195^197, 203). 1 

340. The retractor buibi, .1 conical muscle lying immediately within I 
i, and forming a sheath rouad the optic nerve : it is supplied by I 



or first divisiotiof the fifth, leavit^thej 
re and passing along the up]>er edge of '1 



the si 

341. The orbito-uasal ni 
bVuU through the sphenoidal 
the inner wall of the orbiL 

341. The optic nerve, leaving Ihe skull by the oplic fonunen, and I 
parsing to the inner and posterior rcginu of Ihe orljit. 

XLI.i Remove both eyes ; divide one of there int 

inner and an outer hemisphere by an equatorial 
incision, i.e. a vertical incision taken at right angles 
to and through the centre of a line joining the pupil 
and the optic nerve : divide the other into an 
anterior and a posterior half by a vertical incision 
at right angles to the first, that is passing through 
the pupil and entrance of the optic nerve. Note 1. 1 
343. The fibrous sclerotic, the one-layered choroid, 

' As it is necessary to examine the eye while quite fresh, it will I 
probalilybe found cynveiiient in practice to subsl itute on ox's or sheep^ ■ 
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the retina, the blind spot or entrance of the optic nerve, 
the ora serrata, the choroid processes, the lens, the 
iris, the pupil, and tlic aqueous and vitreous humours ; 
all these have the same essential relations as in llie l.iwei- 
Vertebrata (see p. S4, g§ ^14—128). 

344. The absence of a processus falciformis or 
pecten (p. iss, § 179, and p. 250, § 314). 

345. The tapetum, a portion of the choroid which, 
' instead of having the usual black hue, exhibits iridescent 

colours. 

XLII. Dissect away the parotid gland ; clear away (he 
muscles, S;c., from the entire external surface of 
the bulla tympani (§ 54) : lay open the external 
auditory meatus by a longitudinal incision, until 
the tubular portion of the tympanic bgne is 
reached; with bone-forceps cnt away very care- 
fully and gradually the outer wall of both tubular 
and bulbous portions of the tympanic bone, 

346. The tympanic membrane, a transparent tibrous 
partition, lying obliquely across the lower end of ihc 
meatus: through it can be indistinctly seen a small bone 

; handle of the malleus (§ 73) — attached to its inner 
surface. 

347. The cartilage of the pinna, attached to the 
tubular portion of the tympanic bone, and with it forming 
the external auditory meatus, which thus consists of cortilagln- 

lus and osseous portions. 

XLIII. Carefully cut away the tympanic membrane so 
as not to injure the manubrium mallei, and remove 
as much more of the tympanic bone as is nccoHsary 
to display the following structures ; 

348. The tympanum, or tympanic cavity, bounded 
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internally by the periotic, externally by the tympanic 
membrane, below and at the sides by the tympanic bone. 

349. The auditory ossicles (see §§ 73 — 76) : after 
observing them and their muscles (§§ 352, 353) in situ, they 
should be removed, and examined under a low power of the 
microscope. 

350. The fenestra ovalis and fenestra rotunda 

(§ 56). 

351. Tne aperture of the Eustachian tube on the 
inner wall of the tympanum, below and anterior to the 
fenestra ovalis (see § 55, p. 272, and § 370, p. 2>Z^)' 

352. The tensor tympani, a small muscle inserted by a fine tendon 
into the malleus : it arises from the alisphenoid. 

353. The stapedius, a still smaller muscle, arising from the surface 
of the periotic, just above the fenestra rotunda, and passing forwards to 
be inserted into the neck of the stapes. 

354. By the removal of the bulla tympani the proximal portions of 
the vagus and hypoglossal nerves (§§ 244, 246) are exposed and may be 
traced to their foramina of exit from the skull (§§ 43, 58). 

355. Lying immediately in front of and parallel to tlie hypoglossal is 
a much slenderer nerve, the glossopharyngeal : it makes its exit from 
the skull with the vaj^us. 

356. The spinal accessory or eleventh nerve leaves the skull along 
with the glossopharyngeal anl vagus, and passes backwards to its 
distribution to some of the muscles of the neck. 

XLIV. Dissect off the masseter : carefully detach the 
ascending portion of the mandible from the 
pterygoid muscles which are inserted into its 
inner surface : with bone-forceps cut away the 
portion of the mandibular ramus lying posterior to 
the inferior dental foramen (§ 71) : make out : 

357. The third division of the fifthor mandibular nerve, supply- 
ing the muscles of the lower jaw and sending a branch — the gustatory 
nerve — to the tongue : the main trunk is continued through the 
inferior dental foramen to the interior of the ramus and so to the 
teeth. 
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358. The second division of the fifth or maxillary nerve has 
been eiposed by the rcmova.! of the eye and its muscles, and is Lceii to 
lie on the flaor of the orbit 1 to see it salisfactarily the niaiiila must be 
gradually broken awny : it supplies the upper teeti, and a large brunch 
pasGi^s through the infraorbital foramen (g 65) to the snout. 

XLV. Remove the remainder of the mandibular ramus 
of the side on \vhich you are working : dissect 
away the pterygoid muscles : pass a probe from the 
cut end of the gullet forwards into the mouth : lay 
open the gullet along this, and pull the tongue 
downwards so as to get a good view of the interior 
of the mouth. Note: 
,59. The transversely-ridged palate (Fig. 64) or roof of 

the moutli, continued backwards into a soft membrane, the 

velum palati {vl.pa). 

360. The tongue {/?), firmly fixed by its postcro-infeiior 
part to the floor of the mouth, presenting on its dorsal 
surface a number of small elevations or papillae, and on 
each side of its proximal end a small, oval, ridged area, the 
papilla foliata. 

361. The pharynx, or funnel-shaped posterior ex- 
tremity of the mouth, continued backwards into the 
gullet, 

362. The glottis, an aperture on the floor of the pharynx, 
leading, through the larynx, into the trachea. It is guarded 

n front by a large flap of cartilage, the epiglottis {epg), 
md behind by two small processes of mucous membrane, 
the cornicula laryngis {t.la). 

363. The aperture of the posterior nares (p.na), an 
oval opening in the roof of the i)harynx: a probe passed into 
it enters the nasa! chamber (see § 366). 

364. The positions and characters of the teeth (see 
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n is taken slightly to the lert of the median plane so as to 
' clear the mesethmoid Im.e/A) : all but the anterior and posterior eiMlsof 
' the septum nasi {mj/A') is cut away, so a.^to expose the ni>bt na-sal cavity 
with its turbinals : the brain h removed, go as to show the cranial fosEK 
and the exits of the nerves through the dura, mater (it must be remem- 
bered that many of these run for a considerable distance between the 
dura mater and the skull before making their exit from the latter) 1 the 
muscles at the base of the tongue are partly dissected away so as to 
enpose the right sublingusl gland (j.^. The cartilage is distinguished 
by fine, the bone by oarse, dotting. 

i./iy, body of hyoid bone ; i.o, basi-occipital : i.i, basi-sphenoid ; 
ti./a, cerebral fossa ; cW./e, cerebellar fossa : da, comiculmn latyn^ 
embedding arytenoid cartilage : <;r, cHeoid cartilage : c.l.m, crico-Qiyroid 
I membrane: ^ff, epiglottic i ah.tb, ethmo-tuibmal ; ai, aperture of 
I Eustachian Vi&.: fi.fa, fl.jccular fossa !^, ftonlal : f.y.c, felse vocal 
cord ; g.hy, genio-byoid muscle : i.c.a, internal carotid artery ; t.pa, 
interparietal : ja, Jacobson's cartilage : /.;, lower incisor : m, masseter 
mtiscle covering edge of mandible ; m.elh^, lamina perpend ictilaris : 
oi.rf^, septum nasi : mn, mandilular sjiiiiihysis ; mo, month cavity : 
mx, palatiQC plate of maxilla: iii.rjfi, maxillo-lurbinal : na, nasal: 
n/i.ti, naso-turbinal ; oe.at.nt, occipito-;ttlaiilal membrane ; od, odontoid 
process : oa, cesophagus : el./o, olfactory fossa : pa, parietal : pi, palatine 
plate of palatine : pmi, premaxilla : p.iio, posterior nares ; p,i, pre- 
sphenoid : s.g, sublingim gland : s.mx, submaxillary gland : s.o, 
EUpia occipital: ^.t, sp.2, J^.3, roots of Erst three spinal nerves : 
sl.ky, slerno-hyoid muscle : s.t, sella turcica : tg, tongue : Ih, thyroid 
, cartilage : In, tentorium : Ir, trachea : u.i^, anterior, and k.i°, posterior, 
upper incisor: v.-i, atlas; v.2, centrum, and v.2', arch of axis: 
'"•'it ^-S'- of ""'■'i vertebra ; v,c, vocal coeds : v.l, ventricles of larynx ; 
vl.pa, velum palati : vr.a, vertebral artery : x, bristle passed throagh 
right nostril : y, bristle passed through right njso-oalatine canal : 
II—XII, roots of cerebral nerves. 

365. The small paired aperture of the naso-palatine or 
Stenson's canals (_v), situated immediately behind the 
posterior upper incisors (v.i""), and leading into the nasal 
chamber. 

XLVI. Remove the nasal, and enough of the pre- 
maxilla and maxilla to show : 

366. The ethmo-, maxillo-, and naso-turbinals 
{efh.tb, mx./b, iia.th, §§ 61, C3, 66, pp. 274, 275), and their 
relations to the nasal chamber in which they are contained. 

367. The delicate, reddish -brown, raucous membrane 
(Schneiderian membrane) lining the nasal chamber and 
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covering tlie turbinals : that on the ethnio-lurbinals is dd 
tinguishcd as the olfactory mucous membrane. 

368. The olfactory nerves, given off from the olfactb 
lobes to the olfactory mucous membrane : the maxii 
turbinals are supijlied by llie maxillajy nerves. 

XLVII. Pass a probe from the anterior nostril into tl 
nasal chamber as far backwards as it will gi 
remove the turbinals and as much of the n 
and palatine as is necessary to show 

369. Tiie backward continuation oE the nasal chamber tj 
the posterior nares. 

370. The aperture of the Eustachian tube {eu), in 
the dorsal wall of the posterior nasal passage, a little anterior 
to the posterior nares ; a probe should be passed through 
the tube from its aperture in the tympanum (§ 351). 

371. The septum nasi {m.el/i^, g 59), forming a medi^ 
vertical partition between the anterior part of the two nas 
chambers. 

372, Jacobson's cartilage (ja, g 6o), lying iiumciiiittely c. 
to the ventral edge of the septum nasi and ensheathed by llie palitiM 
process of the prenuixQla : il has the farm of a cylinder v 
tapcting end-;. 

373. Jacobson'a organ, seen by carefully removing the p 
process of the premaxilla and Jacobson's cartilage : it consists of 
cate tulie of mucous membrane, inclosed in the scroll-like Jacobs 
cartilage, and opening at its anterior end into the nasal chamber, 
supplied by branches of the olfaclury nerve which paE^s downwards t 
forwards along the surface of the seplum nasi. 

XLVIII. Remove the larynx with Ibe anterior part of the tr 
and disseet away the muscles, &c., attaching them to sur 
ing parts. If only one larynx is to be had, tnake a longitndim 
VLTtical section of it, keep one half enlire, and from the othiaFfl 
dissect away the muscles and mucous membrane si 
the cartilages clearly. If two specimens are to be had, cletOKl 
the cartilages of one, and use the other for the soft paf^ J 
making a longitudinal section of it when necessary (at g 379).f 
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374, The thyroid ( Fig. 64, Ik), a large plale of cartilage, consisting 
" ■ ;ht and left alas united to one another ventrally at an obtuse 
: dorsally each alie i-i produced into anterior and posterior 
la, small proccBses, the posterior of which articulates with a fkcet 
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375. The cricoid {cr), an annular cartilage, : 
dorsally, situated immediately behind the thfroi 
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rticulate with facets on the dors( 
:ntrallf there is a considerable in 
-icciid, bridged over by the c 



arrow ventrally, wide 
the posterior comua 



ateral regioi.s 
;rvi! between the thyroid 
ico-lhyroid membrane 
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erior edge of Ihe 



r ring of the trachea is ofien more 
between the ordinary tracheal rings and the cricoid. 

376. The arytenoids {ary), paired triangular c: 
to facets in the postero -dorsal region of the an 
cricoid. 

377. The cartilage of Santorini, small paired nodules embedded in 
the coniicula laryogi^ (cja), 

373. The epiglottis {epg), an obcordate plate of cartilage attached 
hy its narrow ventral end to a facet on the inner surface of the ventral 
region of the thyroid. 

379. The reddish mucous membrane lining the larynx, coutiQuons 
behind with that of Ihe trachea and in front wjih that of the pharynx. 

380. The ventricles of the larynx iy.la), paired shallow de- 
pressions on its inner surface at about the level of the arytenoids. 

381. The vocal cords (p.c), paired folds of mucous membrane 
forming the poBterii.r boundaries of the two ventricles and supported by 
ligaments : Ihey extend from the arytenoids downwards to tlie inner face 
f.f the thyroid, where ihey ate attached close together just posterior to the 
facet for the epiglottis. 

381. Tlie false vocal cords (/.I'.r), similar folds fonning the anterior 
bonndaries of the venlricfe. 

383. The crico-thyroid muscles, arising one on each side from the 
outer surface of ihe cricoid, and passing forwards and upwards to he 
inserted into the thyroid, which they serve to depress. 

354. The posterior cricoarytenoid mumcles, la^ paired muscles 
covering the dors-al surfece of the cricoid, from which they arise, and 
passing outwards and forwordi to be inserted into the arytenoids. 

355. The arytenoid muscles, ^itu.1ted immediately anterior to the 
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conlnctinn. ^^^H 



^^M mco-HTylcnaiih, and coosistingof librei pas^ng tmnsversrly betlreeB^ 

^H arj'lenoid carlilages, which are appra\iiiiatc(l by ~ 

^^P 3&6. The anterior crico- arytenoid muscles, arising froi 

^H lateral regions of ihe cricoid and iiLsertcd inio the arylenoids ! to see 

^^H Ihem one of the aln^ uf the thyroid ihould he diaarticulnted and 

^H reflcctnl. 

^H 3S7, The thjrro- arytenoid muaclea, a.Uo ^een by reHection of tike 

^H thyroid : Ihey run p:ira]lel and external to the vocal cords, ari^Tig 

^H from llie arytenoids and being inserted into the thyroid, which ihey 

^H eUvaie. 

H 
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XLIX. Dissect away enough of the muscles in 
regions of the shoulder and hip lo make out : 

388, The brachial plexus, formed by the union of 
fifth to eighth cervical and of the first thoracic nerves,' and 
giving off nerves to the arm and shoulder. 

Beades several smaller nerves there are funr chief trunks given 
oGf from the brachial plexus : ' {a) the ulnar nerve runs alongside the 
brachial artery, passes J mined lately jijtemal fo the olecranon into the 
fore-arm, and then airing Ibe outer or ulnar side of the latter : {6) the 
median nerve [las^^es internal to the humerus, entering the fore-arm 
proiimal to the condyles, and takes a course along the inner or Ridul 
side of the fore-arai ; both it and the ulnar nerve supply mainly the 
flexor muscles : (c) the musculo -spiral nerve, the largest of the four, 
goes to the dorsal side of Ibe humerus and along the radial side of the 
fore-arm ; it supplies mainly the extensor muscles : {il) the circumQes 
or subscapular nerve passes dorsalwards round the head of (he 
humerus and suiJplies ?ome of the muscles of the shoulder. 

389. The lumbosacral plexus, formed by the 
union of the fifth to seventh lumbar and of the first to 

' Tliere is a certain ambiguity in the usual mode of counting the 
spinal nerves : in the cervical region each nerve is named from the 
vertebra in iront of which it emerges, the first or sub-occipital nerve 
coming out between the skoU and the alias, the eighth betiveen the 
seventh cervical and Erst thoracic verlebrje : the remaining nerves are 
named from Ihe vertebra behind which ihey emerge : the first thoracic, 
for instance, is the nerve which makes its exit between the lirsl and 
second Ihoraoic Tertebrie. 

" If the muscles of the arm are to lie dissected ii 



Ihe tracing of these nerves niusl be deferred. 
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third sacral nerves, and giving off branches to the leg 
and hip. 

Three chief nerves arife from the lumbo-sacral plexns; {0) the crural 
nerve, passing out ventral to the pelvis and supplying the cmonsur 
(anterior) muscles of the thigh : (i) the obturator nerve, passing along 
the inner edge of the pubis and through the obturalor forameD : :iiid (t) 
the ECiatic nerve, the largest of the three, pasting out betn ei n the 
ischium and the sacrum and going mainly to the tiexor muscles,^ 

L. Remove the skin from the back and limbs, and make 
out tbe following muscles : * 

390. The dorso-lurabar fascia, a strong sheet of 
connettive tissue which covers all but the most superficial 
muscles of the back : it is continuous in front with the 
cervical fascia. 

391. The trapezius (Fig. 65, A, Cs), a thio superficial 
sheet of muscle extending over a great part of the dorsal 
aspect of the cervical and thoracic regions r it arises in the 

I middle dorsal line from the cervical and thoracic fascia : the 
fibres of its anterior part pass backwards and outwards, and 
are inserted into the metacromiou (§ 81), those of its 
posterior portion pass forwards and somewhat outwards, and 
are inserted into the dorsal half of the spine of the scapula. 

392. The latissimus dorsi (/.if), an extensive sheet of 
muscle arising partly from the dorso-himbar fascia, partly 
from the three posterior ribs by as many triangular slips or 
digitations, which iit between or interdigitate with 
similar slips of the external oblique (§ 139) : in its posterior 

I part it is united with and scarcely distinguishable from the 



' If the muscles of the teg are to be disKecled in the same specimen, 
Ihe tracing of these nerves miist be deferred. 

* It is advisable to have another specimen, well ha.r<leneil in alcohol, 
for Ihe muscles, 03 many of those described « ill have been destroyed by 
the previous dissection. 
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Fifi. 65, A. — Lepus cuniculua. Muscles of [he fore-limb, ( 
the outer side (x i|. 

ab.f, abductor pnllicia : a.br.i, alidactor brachii inferior : a 
ductor brachii superior: an.l, annular ligament : i.fiu, basio-humeraHilB 
bi, biceps : br.i, brachialts internus : cLm, cleido-masloid : cp.l, capsnlar 
ligament of shoulder : er.ir, coraco-bradtialis : d, deltoid : cx.c.d, ex- 
tensor communis digitorum : ex.cp.r, extensor carpi ntdialis : ex.ep.u, 
extensor carpi ulnaris : ex.d.^ extensor qunrti dii^iti : ix.d.^, eitcnsor 
quinli digiti ; ex.p.a, extensor parvus antihrachii : fl.c/i.r, fleior carpi 
radialis ; Jl.cp.u, fleicor carpi ulnaris : fi.p.d^, superficial head of flexor 
pr;]fundu5 digitorum, its middle portion removed to show the underlying 
raoscles (C) :A/.rf^ ulnar bead of the same muscle: fi.p.d*, its radiiS 
head : fi.p.d*,'Vs middle head: jl.sd, flexor suhlimis digitorum: Im, 
humerus : i-sp.f, infra-fpinous fascia ; l.a, linea alba : t.a.ic, levator 
nnguli scajiuts ; l.d, Ifltissimus dorsi : l.it.m, levator scapulx major : 
eh.ex, obliquus exlemu? abdominis -.pcma, pecloralis major : jfc-, mi, 
|iectomlis minor : pc.t, pectoralis tenuis '.pi, palmans:/!!.!:, pannicnlns 
camoiius: /r.f, pronator teres : r.ab, rectus abdominis: rk.c, rhomboideos 
cervicalls : rh'd, rhomboidens dorsalis : sr.m, serratus magnus : s.sc, 
Bubscapnlaris : s.sp, snpra-spinatns : s.sp.f, snpra-spinons tasaa \ 'l.ky, 
aterao-hyoid ; sl.ta, stemo-mastoid : le.ma, teres major; Ir, trachea: 
(r", Ttiiddl'", 'r'. pxlprmi, (►*, internal, and Ir*, accessory, head of tricepti 
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trapezius : its fibres arc gathered into a comparatively narrow 
bundle and inserted into tlie humerus. 

393- The levator scapulcC major (/.j^.m), a narrow band, 
arising from the base of the skull, and passing backwards 
parallel and close to the antcro-external border of the 
trapezius, to be inserted with the latter into the mct- 
acromioii. 

cLm »'■'« 




394. The cleido- mastoid (Fig. 65, A and B, d.m), 
arising with the sterno-mastoid {st,m, § 130), from the 
periotic, and passing backward !o be inserted into the 
clavicle. 

395. The basio-humeralis {/>.hu), lying dorsal to the 
sterno- and cleido-mastoid : it arises from the basioccipital, 
and passes backwards and outwards to be inserted into the 
outer third of the clavicle, 

396. Tiie deltoid {d), a somewhat triangular muscle 
covering the point of the shoulder : it arises from the outer 
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half of the clavicle, and is inserted into the deltoid r 
of the humerus, its insertion covering that of the pectora 

(S .3.). 

LI. Cut through the trapezius, latissitnus, and levat 
scapula major near their insertions, and reflect thei 
so as to expose the underlying muscles ; Qote : 
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i ul ihe fure-limb, from 
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, ,c. FiE. 6s, A. 






397. The rhomboideus dorsatis (Fig. 65, C, * 
a squarish muscle, arising; from the spines of the ante 
thoracic vertebrx, and passing outwards to be inserted t 
the supra- scapular border of the scapula (§ 81). 

398. The rhomboideus cervicalis {rh.i), 
muscle arising from the hinder surface of the skull 1 
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from [he spines of the cervical vertebrje, and inserted with 
the preceding muscle into the supra-scapular border. 

399. The serratus magnus (A, B, and C, sr.m), a 
somewhat quadrate muscle arising from the third to nintli ver- 
tebral tibs near their junctions with the sti:rnal ribs by seven 
slips which interdigitale with the external oblique ; its fibres 
pass upwards and forwards, and are inserted into the 
supra- sea i>ular border. 

400. The levator anguli scapulte {l.a.sc), a large 
muscle arising from the transverse processes of tlie last iive 
cervical vertebra:, and passing backwards to be inserted into 
the inner surface of the scapula close to its supra-scapular 
border. 

401. The pectoral muscles have already been seen 
(p. 290 §§ 131— 133) ; the insertion of the pectoralis 
minor can now be conveniently made out ; the muscle 
passes dorsalwards, beneath (posterior to) the clavicle, into 
which some of its fibres are inserted, and then spreads out 
into a broad sheet which covers the anterior region of the 
scapula, and is inserted into the pre-scapular fascia, 
which invests the remaining muscles ill the pre-scapular 
fossa. 

402. The erector spinee, a complicated, longitudinal 
muscle, forming with its fellow the ridge of the back, and 
serving as the chief straightener of the vertebral column, 

403. The abductor brachii superior {a.br.s), a small 
triangular muscle arising from the acromion, and inserted 
into the deltoid ridge : detach from its origin and reflect. 

LII. Cut through the insertions of the pectoralis minor, 
rhomboidei, serratus magnus, and levator anguli 
scapuliE ; cut through the ligament joining the 
clavicle to the scapula, and so detach the fore-limb 
with the scapula from the trunk. Dissect out : 
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On tlu inner surface of the scapula. 

404. The teres major (fe.ma), a stout muscle s 
from the greater part of iIil- glenoid border of the sca|)ula,-B 
and inserted into the shaft of the humerus near the insertiooj 
of the latissimus : cut it Ihrougli the middle and reflect 
both ends. 

405. The subscapularis (j.«J a lai^e flat muscle ai 
from the whole of the subscapular fossa, and inserted int^ 
the lesser tuberosity of the humerus : detach from its origin 
and reflect. 

406. The coraco-brachialis {cr.br), a small 1 
covering the insertion of the subscapularis : it arises fronj 
the coracoid, and is inserted into the proximal end of thu 
shaft of the humerus ; cut through and reflect. 

On the outer surfcue of the scapula. 

407. The supra-spinatus {s.sp), arising from the whoM 
of the pre-scapular fossa and pre-axial surface of the spine b 
the scapula, and inserted into the upper margin of tU 
greater tuberosity of the humerus ; detach from its origi 
and reflect. 

408. The abductor brachii inferior {a.br.i) i 
from the infra-spinoua fascia {i.sp.f) or connectiv* 
tissue covering the infra-spinatus (§ 409), as well as frottj 
the acromion and metacromion : it passes beneath thd 
latter and is inserted into the outer face of the humeru 
just distal to its head : detach from its origin and reflectj 
removing with it the metacromion, 

409. The infra-spinatus (i.sp), lies beneath the i 
ceding : it arises from the whole post-scapular fossa i 
from (he post-axial surface of the spina scapulffi; 
beneath the acromion, and is inserted into the great^ 
tuberosity of the humerus : detach from its origin i 
reflect. 
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410. The teres minor, a small muscle exposed by the 
removal of the preceding : ic arises from the ventral third of 
the glenoid border of the scapula, and is inserted into the 
greater tuberosity just below the insertion of the infra- 
spinatus. 

In the upper arm. 

411. The extensor parvus antibrachii {ex.p.a), a 
small fiat muscle lying on the inner face of the upper ami 
about midway between its anterior and posterior borders ; 
it arises by a flat tendon from tlic fascia of the upper arm, 
and is inserted into the olecranon : cut it through and 
reflect. 

412. The triceps, or chief extensor of the fore-arm; 
a very large muscle consisting of four parts or heads — ■ 

(a). The middle or long head (anconeus longus, tr\ 
a large fleshy mass forming the posterior edge of the upper 
arm ; it arises from the ventral third of the glenoid border 
of the scapula, and is inserted into the olecranon : divide 
and reflect. 

{b). The short or outer head (anconeus brevis, ir') 
is situated on the outer face of the upper arm just in front 
of the preceding ; it arises from the outer surface of the 
shaft of the humerus, and is inserted with the long head into 
the olecranon ; detach from its origin and reflect. 

(c). The inner head (anconeus internus, t^) occupies 
a similar position on the inner face of the upper arm, lying 
between the anconeus longus and the biceps (g 413) : it 
arises from the posterior surface of the shaft of the humerus, 
and is inserted into the olecranon ; detach from its origin 
and reflect. 

{d). The accessory head (anconeus quartus, /H) is a 
very small, fan-shaped muscle, exposed by reflection of the 
anconeus longus and internus, on the inner face of the 



elbow-joini : it arises from the inner condyle of the humerus, 
and is inserted into the olecranon. 

413. The biceps brachii {bi), or chief flexor of the 
fore-arm : a spindle-shaped muscle forming ihe anterior 
edge of the upper arm; it arises by a single cord-like 
tendon, working in the bicipital groove of the humerus, 
from the anterior edge of the glenoid cavity, and is in- 
serted into the proximal end of the radius ; cut it 
and reflect. 

414. The brachialis internus (br.i), a flattish musdf 
lying on the outer face of the upper arm between the ai^ 
coneus brevis and the biceps: it arises from the outer 
surface of the proximal portion of the shaft of the humerus 
and is inserted into the radius just proximal to the insertion 
of the biceps 

In the fore-arm and hand. 

415. The extensor carpi radialis (Figs. 65, A and Cj 
and 66, ex.ep.r), or chief extensor of the entire hand, a long 
muscle forming the anterior edge of the fore-arm ; it arises 
from the outer condyle of the humerus: its distal end divides 
into the slender tendons which pass beneath the tendon 
of the abductor poUicis (S 418), and then under the annu- 
lar ligament {an.l), a transverse fibrous band at the junc- 
tion of the fore-arm and hand, and are inserted into tha- 
proximal ends of the second and third metacarpals 
through and reflect. 

416. The extensor communis digitorum {ex.e.d), 
principal extensor of the fingers, a long muscle situated onJ 
the external and dorsal surface of the fore-arm in the groovij 
between the radius and ulna: it arises from the outer con-i 
dyle of the humerus, and at the distal end of the fore-arm 
divides into four tendons which pass beneath the annular 
ligament to the four post-axial digits. Each tendon 
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along the dorsal aspect of tlie corresponding digit, broadens 
out into a sort of sht-alh over the me tacarpo- phalangeal 



fifj. fyp.r 




Fio. 56. — Lepua cuniculus. Miiscles of t!ic luanus. A, dutsal ; 
B, ventral (nat. size). 

1—5, the digits: fli.rf.S, abductor minimi digiti ; ah.p, abductor 
poUicis : an.l, annular ligament : ex.c.d, extensor commimis digitomic t 
tx.cp.r, eKtensor carpi radialis \ tx.cp.u, exteusor carpi ulnaris : £1.1^.4, 
extensor quarti digiti : ix.d,^, extensor quinti digiti ; ix.fi.t, eiteiuar 
poUicij et indicis : fi.p.d.m, flexor brevis minimi digili : fi.p.p, flexor 
brevia poUicis xfl.cp.r, flexor carpi radialis -.fl.cp.u, flexor carpi ulnnris : 
fi.p.d, flexor profundus digitorum -.fl.p.d^, its tendon to the index digit, 
cut short : fi.s.d, flexor snblimii digitonim : fi.t.d^, its tendon to the 
second digit partly removed, and its distal end reflected : fl.s.d', its 
tendon to the fourth di^t partly removed, and having the sheath it forms 
over the metararpo-phalangeal articnlation cut through and reflected 
right and lell : u, interossei : lb. I, Ib.i, H.^, lumbricales ; r (above), 
radius : r (below), retinacula, those of the second digit cut through and 
reflected to show the insertion of the (lexot sublimia ; u, ulna. 
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and inter-phalangeal articulations, and is inserted into the 
middle and distal phalanges ; divide and refleci. 

417. The extensor pollicis et indicis {ex.p.i), 2. 
small, slender muscle lying in the groove between the radius 
and ulna, beneath the common extensor ; it arises from 
the radius : its tendon enters the manus along with that 
of the extensor communis, and divides into two, one of 
which is inserted into the ungual phalanx of the poUex, the 
other into the distal end of the metacarpal of the index. 

418. The abductor pollicis {ab,p), arising from the 
outer surface of the shaft of the radius ; its tendon crosses 
that of the extensor carpi radialis, and is inserted into thi 
metacarpal of the pollex. 

4 1 9. The extensor quarti digiti {ex.d.iC), the extensor^ 
quinti digiti {ex.d,^), and the extensor carpi ulnaris 
{ex.cf.u), three small, slender muscles arising close together 
from the external condyle of the humerus, and passing 
backwards behind the ulna to the manus. The extensor 
quarti digiti is inserted into the ungual phalanx of the fourth 
digit, the extensor quinti digiti into the hase of the meta- 
carpal and the proximal phalanx of the fifth digit, and the 
extensor carpi uhiaris into the proximal end of the fifth 
metacarpal : cut through and reflect all three muscles. 

420. The flexor carpi ulnaris (fl.cp.u), forming the 
posterior edge of the fore-arm : it arises by an expanded 
head from the inner face of ihe olecranon, and is inserted 
into the pisiform ; divide and reflect. 

421. The pronator teres (Fig. 65, C,pr.i). a small mm 
arising from the inner condyle of the humerus, and insert 
by a long tendon into the midille of the inner side of 
shaft of the radius. 

422. The flexor carpi radialis {_fl.ip.r), a long, slendt 
muscle arising from the inner condyle of the humerus 
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posterior to the origin of the pronator teres, and passing 
into a long tendon which is Inserted into the proximal end 
of the second metacarpal ; the insertion is best seen at a 
later stage : cut through and reflect, 

423. The flexor profundus digitorum, or Bexoi 
perforans {Jl.p.d), a large muscle, the chief flexor of the 
digits, and made up by the union of four heads — 

{a). The superficial head arises from the inner con- 
dyle of the humerus just posterior to the origin of the flexor 
carpi radialis, and in common with the palmaris (§ 424) : cut 
it through near its origin and reflect. 

{b). The ulnar head lies deeper than and anterior to 
the foregoing, by the reflection of which it is exposed ; it 
arises from the inner condyle of the humerus in common 
with the flexor sublimis {§ 425). 

(c). The radial head arises from the proxunal part of 
the posterior surface of the radius. 

{(/). The middle head arises from the posterior surface 
of the ulna. The four heads unite at the distal end of the 
fore-arm to form a common tendon, the insertion of which 
is best seen at a later stage of the dissection (§ 427). 

424. The palmaris (//), a small, slender muscle arising 
with the superficial head of the deep flexor from the inner 
condyle of the humerus and passing into a long tendon 
which becomes lost in the palmar fascia, or sheet of 
connective tissue covering the ventral surface of the manus, 
sending ofl" also a small slip which is inserted into the 
ungual phalanx of the pollex : cut through and reflect. 

425. The flexor sublimis digitorum {fi.s.d), or flexor 
perforatus, lying immediately beneath the superficial head 
of the flexor profundus: it arises in common with the ulnar 
head of the latter from the inner condyle of the humerus, 
and divides disially into four tendons, which pass, superficial 
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and post-axial to the tendon of the flexor profundus, into! 
the manus and along the ventral faces of the second lo the ' 
fifth digits ; each tendon divides at the base of the proximal 
phalanx into two slips which pass one on either side of the 
proximal phalanx to be inserted into the proximal end of 
the middle phalanx ; cut through and reflect. 

The tendon for the fifih digit has in connection with it a 
muscle, ihe Hexor brevis minimi diglti {^.p.d.m.), which : 
partlj' from it, panly from the pisiform bone, and joins the tendon 
again at its distal end. A similar muscle, the desor brevis polU^BJ 
(A^/.), arises from the annular ligament and is inserted into thetendol 
of the lienor profundus going to the pollen. 

426. The retinacula (r), transverse tendinous bandsB 
which keep the flexor tendons in place : there is c 
the metacarpo- phalangeal articulation, formed by i 
pansion of the tendon of the flexor sublimis, one proxi. 
to the joint between the proxinia! and middle phalanges 
and another distal to the same joint. 

427. The insertion of the fiexor profundus; its tendon 
spreads out into a broad stout sheath lying immediately 
dorsal to the tendons of the superficial flexor : from this 
sheet five tendons are given off, one lo each digit, eac^J 
passing along the ventral face of the digit and being inserted! 
into its ungual phalanx; the tendons of the second to 
fifth digits pass between the two slips into which 
corresponding tendon of the flexor sublimis is divided. 

428. Thclumbricales {/i. I, 2, 3), lhrecsmall3pindle-^ilap 
arising from tlie ventral surface of the tendon of the flexor profon 
at the place where it divides into slips for Ihe second to the fifth digitajl 
they are inserted into the proximal ends of the proximal phaL 
on the pre-asia] side of the third, fourth, and fiUli digits respectively. 1 

429. The abductor minimi digiti {ai.d'-), a simall muscle lying a 
Ihe ventral face of the fifth metacarpal : it nri es from the pisifon 
bane, and its teiidon joins with that of the superficial flexor g 
lothe fifth digit. 
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430. The interosaei [ia), seen, by reilcclin^ Ihe Bexor profundus with 
the lumbricales and Ihe flexor minimi di^iti, as three pniis of small 
tnoscies lying on the ventral faces of the secontl to thefmirlh metacarpals 
and one en tbe pre-axiol side of the fifth metacarpal : they arise horn 
Ihe metacarpals, The two muscles of each pair are in close con- 
tact with one another for the greater part of their extent, but 
separate distally to be inserted into the sCFamoJd bones at the mela- 
carpo- phalangeal articulation ; a small aiUitional slip occurs on the 
post -axial side of the second digit, and one on each side of the fourth; 
lhef<e arc much smaller than, and arise ventrally to, the paired muscles. 

LIII. Dissect away the origins and insertions of any 
muscles still left attached to the shotiider- joint, 
and make out : 

431. The capsular ligament surrounding the shoulder- 
joint : it consists of thin fibrous tissue, and is attached on 
the one hand round the margin of the glenoid cavity 
and on the other round the neck of the humerus: if 
it has not already been cut, make an incision through it, and 
notice that it helps to bound a closed synovial cavity, 
between the two bones, lined by a delicale synovial 
membrane which secretes a small quantity of synovial 
fluid. 

433. A similar synovial cavity at the elbow-joint: the 
joint is further strengthened by strong lateral ligaments. 
which pass, one on the pre-axial side from the humerus to 
the radius, the other on the post-axial side from the humerus 
to the ulna. 

LIV, Make out the muscles of the hind limb, begin- 
ning with those which connect it with the trunk ; 
On the ventral surface of the vertebral column. 
433. The psoas magnus (Fig. 67, B, p.m), a large 
muscle in the lumbar region passing longitudinally back- 
wards from the diaphragm to the thigh : it arises from the 
last three ribs, the last three thoracic and all the lumbar 




Fig. 67. — Lepua cuniculus. Mnsdes of the imitr sidE of li 
limb : A, superneia], B, deep layer (X J). 

In A the adjoining portions of the abdominal muscles are shown: 
B these ore removed so as to show the muscles on the ventral face jjj 
the vertebral column. 

ad.b, adductor brevis: ad.!, adductor lonj,Tis : Oi/.ni, adductor __ 
its fibres separated >□ B to show the semi-tendlnDsus : tx.c./t, txtra,^ 
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nis digitorum ; gr, gracilis, removed ia B wilh the enceptioii of its 
origin : gs', inner head of gaslrocnemias : /.a, hnci alba, i^./n, liga- 
mentam paJellas : oi.tx, obliquus exteraus ibdominii : jV, peclineus i 
pi, plaataris : g.H, qnodratus Inmbonim ; j«. I, snperficial heail of 
reclus anticos ; J«.i t its deep head : gu,2, vistns intemus, mosdy 
removed in B ; fu.4, cnireus : r.ai, rectns aMominis ; sa, sartorius, 
removed in B : s.m, scoii-inembranosu! ; i.f, semi-tendinosus ; l.a^A, 
tendo Achillis : ti.a, tibialis snticus. 

vertebrEB : in its anterior half it forma the inner slope of the 
great longitudinal muscular ridge, which lies close to the 
middle line and has embedded in it the long transverse 
processes of the lumbar vertebra : at about the middle of 
its course it turns outwards and is inserted into the lesser 
trochanter of ■ the femur : its insertion is best seen after 
some of the muscles of the tbigh have been removed (§ 448). 

434. The quadratus lumborum (?./(i), a large muscle 
lying just external to and having the same general direction 
as the preceding : it forms the external slope of the muscular 
ridge mentioned above, as well as the whole of its deeper 
portion : it consists of two parts separated by the transverse 
processes of the lumbar veitebrffi, the inner arising from the 
last five thoracic and all the lumbar vertebra, the outer from 
the five last ribs and corresponding transverse processes and 
from all the lumbar vertebrte : it is inserted partly into the 
lumbar vertebras, partly into the pubic border of the ilium. 

435- The psoas parvus {ps.p), lying internal to about 
the posterior half of the psoas magnus : it arises from the 
bodies of the four posterior lumbar vertebrie, and is inserted 
into the pubis by a tendon which acquires a connection 
with Poupart's ligament {p.lg). 

436. The iliacus (('/), a broad muscle, arising from the 
ventral faces of the last lumbar and first sacral vertebrse, and 
passing oblii^uely outwards and backwards to be inserted, 
along with the psoas magnus, into the lesser trochanter 

(§ 448)- 



In t/u thigh and hip. 
437- The fascia lata, or strong fibrous covering of the 
muscles of the thigh : it is especially thick on the outer side : 
dissect it away so as to expose the underlying muscles, 
taking care not to injure any of the latter, some of which 
are closely attached to the fascia. 

438. The sartorius (Fig. 67, A, sa), a small flat muscle 
on the inner face of the thigh, about midway between its 
anterior and posterior borders : it arises from the middle of 
Poupart's ligament, and passing obliriuely outwards blends 
with the anterior edge of the gracilis (g 439)- 

439. The gracilis {gt% a large thin sheet of muscle 
covering the greater part of the posterior half of the irmer 
surface of the thigh ; it arises from the whole of the 
symphysis pubis, and passes distally into a broad fascia 
which is inserted into the upper part of the inner (pre-axial) 
border of the tibia : separate it from the underlying muscles 
cut it through, and reflect along with the sartorius. 

440. The quadriceps (Figs. 67 and 68, qtt), or % 
extensor of the cms, a very large muscle forming the anteiS 
part of the thigh : it consists of several parts — 

(a). The long or superficial head of the recti! 
anticus {qu.\), forming the anterior edge of the thigh l9 
arises from the pubic border of the ilium, and is inserted 1^ 
a strong thick tendon, the ligamentum patella {ig-pi 
in which the patella is embedded, into the crest of ihe tibid 
carefully separate it from the underlying muscles, cut throBf 
and reflect. 

On the dorsal surface of the Ihigh the edge of the rectus is prodno 
nenr ils proximal end, into a somewhat semicirculnr ejpan^ion whid 
inserted into the faacia lata : this represents ivhat Ls usually a ! 
muscle, the tecaor vaginee femoris or tensor fascin latse. 

(ii). The vastus Jnternus{ftt. 2), occupying the Space)] 





Fig, 6B. — Lepus cuniculus. Muscles of the 
limh ; A, superficial, B, deep layer <X J). 

ac, acetabulum; adj, adductor longufi : ad.m, adductor 
an.l, annular ligament ; lii', RU|icTllc[al llead of biceps femoris : tP, 
deep head, reflected in B tu show its double origin : cl, calcancum : 
e.t.l, external lateral ligament of knee : er.sp, erector spinee : fl.d.c, 
fienor conuQuiiis digitorttro : gl.ma, ^l.tnri, gluteus maximus : gl.nu, 
gluteus medius: f/.nii, {;Iuteus minimum: ^i-it, gemellus anterior: 
gl-p, gemellus posterior : p-, graailis : q^, outer head of gastrocnemius, 
turned aside in B to Kbow the soteus : Ig-pa, ligamentam patella:: 
eb.ex, obliquus eitemus ; pS.i, obturator internus : pi, plantaris : pf, 
popliteus ■. pr, peronci (in A) : pr.b, peroneus brevls : pr.d.\, peroneus 
qilarti di^ti : pr.d,$, peroneus quinti digit!; prJ, peroneus longus : 
fy, pyriformL'i -. qu. I, snperficinl head of rectos onlicus : gu. I>, its deep 
h^ 1 qa. 3, superficial hcid of vastus extemus : y«.3', its deep head : 
g.fin, quadratas femoris : r.ai, rectus abdominis : s.m, semi-mein- 
branosus : so, soleus : A', tibia: li.a, tibialis antlcus : Ir.l, great 
trochanter : Ir.l, third trochanter : lu.ii, tul)er ischii. 
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neck of die femur,3nd.at its distal end joins the rectus in the | 
ligamentum patelte : cut through and reflect. 

(c). The principal or superficial head of the vastusfl 
externus (gii.^), situated just posterior to the rectus" 
amicus on the outer surface of the thigh ; it is the largest 
head of the quadriceps : it arises from the neck of the femur 
and from the great trochanter, and passes distaliy into the 
common tendon of the quadriceps or ligamentum patelise. 

{d). The short or deep head of the rectus anticus 
(?K.i'), a cylindrical muscle lying along the inner or pre-axial 
side of the vastus externus, by which it is partly enwrapped : 
it arises from the posterior part of tlie pubic border of the 
ilium, and passes distaliy into the common tendon of the 
quadriceps, 

{e). The accessory or deep head of the vastus 
externus (?k.3^), a flattish muscle, lying between the 
concave iimer face of the superficial head and the cmrcus , 
(see below) ; it arises from the femur close to the origin aim 
the superficial head, and. distaliy joins the ligamentunsj 
pateilffi : cut' through and reflect both heads of the vastutfj 
externus and the short head of the rectus. 

(/). The crureus {qu.^), arising from the shaft of thtifl 
femur, the anterior (dorsal) surface of which it covers, anCpl 
passing distaliy into the commom tendon of insertion of th( 
quadriceps : detach it from its origin and reflect. 

44T. The biceps femoris {hi), covering the posteriM 
half of the outer side of the thigh and forming the chief 
flexor of the cms : it has two heads, of which the first c 
anterior head {In^) arises by a wide flat tendon from thofl 
three posterior sacral and the three anterior caudal vertebra 
and passes outwards, gradually diminishing in breadth xni 
becoming sub-tylindrical : the second or posterior heal 
{/'i'^) arises from the posterior jiart of die tuber ischii iafl 
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common with the adductor magnus (§ 443), and passes 
outwards, widenmg as it goes ; the two heads unite, and are 
inserted by a strong and extensive fascia into the distal end 
of the femur and proximal end of the tibia. Cut through 
both heads and reflect : it will be seen that the posterior 
head has a second origin in the form of a flat tendon arising 
in common with the semi-membranosus (§ 443) from tlie 
anterior end of the tuber ischii. 

442. The semi-membranosus {s.m), forming the 
posterior edge of the thigh. ; it arises from the Cuber ischii in 
common with the accessory tendon of the posterior head of 
the biceps, and is inserted by the same fascia as the gracilis 
into the proximal part of the pre-axial border of the tibia : 
ftom the distal end of its posterior edge proceeds a long 
tendon which passes along the inner side of the shank and 
joins the tendo Achillis (g 460) : cut through and reflect. 

443. TJie adductor magnus {ad.m), a large fleshy 
muscle in the posterior region of the thigh, fully exposed by 
the removal of the gracilis, which covers its inner face, and 
of the semi-membranosus and biceps, which cover its outer 
face : it arises from the posterior edge of the ischium and 
tuber ischii, and is inserted into the inner side of the distal 
end of the femur and inner condyle of the tibia. 

444. The semi-tendinosus (s.t), seen by separating 
the fibres of tlie adductor magnus in which it is embedded : 
'it is a long spindle-shaped muscle, arising from the tuber 
ischii and inserted by a long tendon, which emerges from 
the adductor magnus near the distal end of its outer surface, 
into the inner condyle of the tibia : cut through and reflect 
both semi-tendinosus and adductor magnus. 

445. The adductor longus (ad.l), a large, somewhat 
triangular muscle, forming the main part of the mass of flesh 
still left posterior to the femur ; it arises from the whole of 
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the symphysis pubis, and is inserted into about the midi 
third of the shaft of ihe femur. 

446. The adductor brevis (ad.b), a small, flat mi 
siliiated just anterior to the inner two-thirds of the pn 
ing ; it arises from the anterior end of the symphysis pubi 
and is inserted by a broad tendon into the shaft of the 

447. The pectineus {pc), a small muscle situated 
immediately in front of the preceding, which it resembles 
in shape and size : it arises from the pubis just in front of 
the symphysis, and is inserted into the shaft of the femuti 
cut through and reflect it as well as the adductores bn 
and longus. 

448. The insertions of the psoas magnus {§ 433) 
iliacus (§ 436) are now exposed : divide both muscles 
their insertion and reflect. 

449. The gluteus maximus (^l.ma), covering the C 
or gluteal surface of the ilium ; it arises by a broad fafi( 
from the ischial border of the ilium and from the sacrum 
anteriorly it becomes inseparably united with the rectU»J 
anticus, posteriorly its origin is covered by the anterior head 
of the biceps ; it consists of two parts, one lying mainly 
external to the pubic border of the ilium and having its 
fibres directed longitudinally, the other at about the level of 
the acetabulum and having its fibres directed transversely ; 
the two portions unite with one another and are inserted 
into the third trochanter : detach from its origin 
reflect. 

450. The gluteus medius (sl.me), exposed by remo' 
of the preceding ; it arises from the supra-iliac and iliac 
borders of the ilium and from the sacrum; its fibres pass 
directly backwards, and are inserted into the great trochanter 
detach from its origin and reflect. 
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451. The gluteus minimus (gl.mi), exposed by the 
reflection of the preceding : it arises from the whole gluteal 
fossa of the ilium from its supra-iliac and iliac borders and 
from the first sacral vertebra ; it is inserted into the great 
trochanter 

45a, The pyriforraia (//), a triangular muscle, lying 
immediately posterior to the gluteus minimus; it arises from 
the second and third sacral vertebrse, and passes directly out- 
wards to be inserted into the great trochanter, beneath the 
insertion of the gluteus medius, and posterior and dorsal to 
that of tlie gluteus minimus : divide and reflect : also detach 
the gluteus minimus from its origin and reflect. 

453. The quadratus femoris {^.^1), a small stout 
muscle lying parallel to the inner edge of the adductor 
longus : it arises from the tuber ischii, and is inserted into 
the posterior (ventral) side of the shaft of the femur at about 
the level of the third trochanter : divide and reflect. 

454, The obturator intemus {06.1'), a Hat muscle 
arising from the dorsal or inner aspect of the obturator 
foramen, and passing first upwards, then outwards and for- 
wards, to be inserted into the trochanteric fossa : to see its 
origin the caudal vertebrae should be pressed aside. 



455. The gemelli, two very small muscles in connection with the 
preceding : the gemellus anterior {gin.a) arises from the dorsal edge 
of the ischium and partly covers the anterior edge of the obturator 
intemus ; the gemellus posterior {gl.p) oriaes from the tuber ischii 
and covers its posterior boreier : bolb are inserted inlo the tendon of the 
obturator internus. 

456, The obturator extemus, arising from the outer 
or ventral asjiect of the obturator foramen, and inserted by a 
strong tendon into the trochanteric fossa : detach the 
obturatores frorn their origin and reflect. 
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In the shank and foot. 

457. The tibialis anticus (Figs. 67, 68, and 69, tli.a), 
forraiDg the anterior border of the shank: it arises from 
the outer tuberosity of the tibia and from its cnemial 
crest, and is continued, distally into a long tendon, which 
passes under a strong annular ligament {aii.f) placed 
obliquely at the distal end of the anterior surface of the 
femur : entering the foot the tendon of the tibialis anticus is 
inserted into the proximal end of the second (apparent first) 
metatarsal : divide and reflect, first separating carefully from 
the next muscle. 

458. The extensor communis digitorum (ex.c.d), 
situated between the tibia and the tibialis anticus, and 
closely applied to the latter : it arises by a long tendon from 
the anterior surface of the distal end of the femur just 
external to the intercondylar notch ; to see this origin the 
tendon must be traced through the capsule of the knee- 
joint {§ 474) : distally the muscle divides into four tendoi 
\vhich pass through the annular ligament, then through 
similar but smaller loop on the dorsal surface of the carpi 
and are inserted into the phalanges of the four digits in the 
same manner as the corresponding muscle of the hand 
(§ 416) : divide and reflect. 

459. The extensor digitl primi (properly second!) 
(fi-t.if.i), arising from the inner tuberosity of the tibia, and 
passing along the inner aspect of the crus, at about the 
middle of which it becomes tendinous : this tendon runs in 
a groove on the pre-axial side of the distal end of the tibia, 
beneath (ventral to) the curved proximal end of the second 
metatarsal, curves over to the dorsal side of the latter, and. 
unites with the first tendon of the common extensor on tl 
dorsal surface of the proximal phalanx : divide and reflect, 

460. The gastrocnemius {'2s\ a large two-headc4l 
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Fig. 69. — Lepua cuniculuB, Muscles of the pes : A, dorsnl, 
B, ventral (nal. size). 

a— 5, the digits: tx.c.J, exfeosar communis dig^torom; ix.d.i, 
^tensorprimi(pr(iperlyBecondi)digiti:^.i/f,flexorc 
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/I.d.if, iti teadon to the second digit, in great part removed la ^how 
inlcrouci: Jt.d.^, iti tendon to the fifth digit : i.a, inlerossei : ^.l, 
Ih.i, Ib.^, lumbrii^es : //, plantaris : pi*, its tendon to the second digi^ 
partly teinoved and with its distal end reflected : pi*, its tendon lo the 
lourlii digit, partly removed, and having the sheath it forms over the 
metatarso- phalangeal articulation slit op and reflected right and left: 
pr.b, peroneus brevis : pr.d.^, pcroneos quart! digiti : fir.S.^ peronens 
quinti digiti : pr,/, peroneus loogus : f.otA, tendo Achiltis, inserted ' ' ' 
the caicaneum ; !i.a, tibialis anticus : ti, tibia. 



muscle forming the posterior surface of the shank 
inner head (^j') arises from the inner condyle of the 
femur and pre-asial fabeila {§ 94), its outer head (^^) 
from the outer condyle and post-axia! fabeila ; the two heads 
unite with one another and with the soleus (§ 461) to form 
a large strong tendon, the tendo Achillis, which is 
inserted into the extremity of the calcaneum, 

461. The soleus (sn), a small muscle seen by turning 
aside the outer head of the gastrocnemius ; it Eirises by a 
long tendon from the head of the fibula, and joins the 
gastrocnemius to form the tendo Achillis. 

4G2. The plantaris (//), a large muscle, the proxii 
(leshy part of which is enwrapped by the gastrocnemius, fromj 
which it must be carefully separated ; by dividing an(' 
reflecting the gastrocnemius and soleus, the plantaris is si 
to arise from the posterior surface of the femur immediatel; 
proximal to the outer condyle and from the post-axial fabeila 
at about the middle of the crus it passes into a strong flat 
tendon, which curves round to the posterior side of the tendo 
Achillis and over the end of the calcaneum to reach the sole 
of the foot ; the tendon divides into four slips, which 
related to the digits in the same way as those of the flext 
sublimis to the digits of the manus (§ 425): divide and 
reflect. 

463. The popliteus (//), or rotator of the knee, lying 
obliquely across the back of the knee-joint : it arises by 
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a strong tendon from the outer condyle of the femur, passes 
backwfirds beneath the external lateral ligament (§ 474), and 
curves round the posterior surface of the proximal end of 
the tibia to be inserted into the pre-axial edge of that 
surface : divide and reflect. 

464. The flexor digitorum communis {fl.d.c), closely 
applied to the posterior surface of the tibia ; it arises from 
the outer tuberosity of the tibia and from the head of the 
fibula : its tendon enters the foot to the inner or pre-axial 
side of the calcaneum, then expands and divides into two, 
each subdivision soon dividing again : the four slips thus 
formed have the same relation to the digits as those of the 
flexor profundus to the digits of the manus {§ 437). 

4G5. The lumbricoles {lb), three very small spindle- shaped muscles 
arising from the tendon of the preceding, and inserted aa the pre-axial 
sides of the proximal ends of the proximal phBlattges of the third, fom'th, 
and fifth digits respectively, 

466. The peroneus longus {pr.l), a long, slender 
muscle arising from the outer tuberosity of the tibia ; it 
passes into a long tendon which traverses a groove on the 
post-axiat side of the distal end of the tibia, and is inserted 
into the cuboid : divide and reflect. 

467. The peroneus brevis {pr.h), arises from the outer 
tuberosity of the tibia, partly united with the peroneus quarti 
digiti; its tendon accompanies that of the peroneus longus, 
and is inserted into the proximal end of the fifth (last) 
metatarsal, 

468. The peroneus quarti digiti (pr.d.^), arises from 
the shaft of the fibula, being united at its origin with the 
preceding : its tendon enters the foot with those of the 
other peronei, and is inserted into the distal end of the fourth 
(apparent third) metatarsal. 

469. The peroneus quinti digiti (/r.rf.5), arises from 



the bead of the fibula, united with the preceding: its tendonl 
passes with those of the other [leronei into the foot, and ia ■ 
inserted into the distal end of the last metatarsal. 



470. The interossei (i.u) have the same general dL'^posiL 
of the miDus (g 430), tbere being a pair on the ventral or pla 
each metataTBal ; there are also Iwo very slender slipa, one 
post-axial side of the second (apparent first), another on the p'e^ 
side of the fourth metatarsal. 

LV. Dissect away the origins and insertions of anri 
muscles still left attached to the hip and knee 
joints, and make out : 

471, The capsular ligament of the hip-joint, a mem- 
brane attached on the one hand just external to the rim of 
the acetabulum and on the other round the neck of the 
femur : partly remove it so as to see the synovial cavity J 
which it helps to enclose. 

472. The ligamentum teres, exposed by the severance^ 
of the capsular ligament : it is a strong band of fibreqfl 
passing from the bottom of the acetabulum to the pit on thf 
head of the femur (§ 93). 



la of fibro-cartilage attached round.J 



473. Tlie cotyloid ligament, a 
the edge of the aoetabuluni. 

474. The capsular ligament of the knee-joint, bound- 
ing its synovial cavity, which will have been opened in 
tracing the tendon of the extensor communis digitorum : it 
is strengthened in front by the ligamentum patellae 
already seen (§ 440), and at the sides by the internal and 
external lateral ligaments, which pass respectively from 
the inner and outer tuberosities of the femur to the cor- 
responding tuberosities of the tibia. 

475. The inter-articular ligaments, extending be- 
tween the actual articular surfaces of the femur and tibia, 
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and connecting the semi-lunar cartilages {§ 97) with one o 
other bone. 

The posterior ligament extends from the inner (posl-axial) face of 
the internal condyle of ihe femui obliquely downwards to about the 
middle of the posterior edge of the articular surfoCB of the tibia ; the 
anterior crucial ligament extends from the inner (pre-axial) face of 
the eitemal condyle of the femur to the anterior part of the articillar 
surface of the tibia, near the middle line : the posterior crucial 
ligament extends from a point within the external coudyle of the femur 
and immediiLtely proximal to the attschnient of the posted 
obliquely downwards and outwards to the posterior end of the post- 
axial semi-lunar cartilage; it is continued from the anterior end of the 
same cartilage, pisses inwards in front of the tibial attachment of Ibe 
anterior cracial, and is attached near the inner border of the articular 
surface of the tibia : the inlernal or pre-axial semi-lunar cartilage has a 
ligament at its anterior end which crosses in front of the posti 
crucial to be itiserted into the articular surface of the tibia □ 
middle of its anterior region 1 a similar ligament from the poster! 
of the cartilage is inserted immtdialeiy in front of the tibial attachment 
of the posterior ligament. 

LVI. In the brain, dissect off the pia mater, taking 

special care not to retnove the nerve roots (§§ 

488-495) or the arteries (§ 476) with it : the latter 

may, however, be removed as soon ! 

Make out the following points without further 

dissection : ' 

476, The circle of Willis, an arrangement of arteries 

on the base of the brain, due to the anastomosis of the 

vertebrals and internal carotids, and forming 3 sort of 

hexagonal figure round the optic chiasma (§ 486), infun- 

dibulum (§ 4S5), and corpus mammiliare (§ 487). 

The vertebral arteries, entering the foramen magtium, unite on Ihe 
Tentral surface of the medulla oblongata (§ 477) to form Ihe 

^ It is best, if possible, to dissect two lirains simultaneously, one 
fresh, the other well hardened : if only one is used, it should be only 
moderately hardened — say in alcohol of about 70 per cent. 
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iongitndimJ basilar artciy ; this passes forwards, sending off branchei 
to the medulla oblongata and cerebellum (3 47S), and just anterio 
the pons Varolii (S 479) bifurcates, forming the paired posterior 
cerebral arteries : the internal carotids reach the base of the brain at 
about the level of the optic chiasma, and each divides into the anterior 
cerebral artery directed inwards and forwards, and the middle cere- 
bral directed outwards : the " circle " is completed by the two anterior 
cerebrals uniting to form a median trunk which passes forwards between 
the cerebral hemispheres, and by the union of each internal carotid lo 
Ihe corresponding posterior cerebral by a slender posterior com- 
municating artery. 

477. The medulla oblongata, directly condntious 
with the spinal cord through the foramen magnum, and 
resting, when ill the skull, on the basi-occipital. It is 
composed externally of white matter, and is marked on its 
upper and lower surfaces respectively by the dorsal and 
ventral fissures, continuous with the similar and similarly 
named structures in the spinal cord : on each side of the 
ventral fissure is a narrow longitudinal elevation, the ventral 
pyramid (Fig, 70, ?'./), immediately external to the anterior 
part of which is a band of transverse fibres, the corpus tra- 
pezoideum (c./s) : posterior to each corpus trapezoideum, 
and bounded internally by the ventral pyramid, is an area 
{ol.b) answering to the olivary body of the higher mam- 
nialian brain : on each side of the dorsal fissure is the 
narrow dorsal pyramid {Fig. Ti,d.p), of which at present 
only a small part is seen (see § 522) : external to thLs, and 
forming the dorso4aleral region of the medulla, is the 
corpus restiforme {f.rs). 

478. The cerebellum {cb), on the dorsal side of the 
medulla oblongata ; a greatly convoluted body, composed 
externally of grey matter, and consisting of a central lobe 
or superior vermis {c!?), two lateral lobes (i-^), and 
two irregular globular bodies (flocculi,_/?), each of which 
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projects laterally outwards from the corresponding lateral 
lobe, and fits into a deep pit in the cranial wall of the periodc 
bone (§ 56). 

479. The pons Varolii {p.va), a strong band of white 
fibres running transversely across the anterior part of the 
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Fig. 70. — Lepus cuoiculus. The brain from beneath (nut. si^e). 

c^, laleral lobe of cetetieUam : c.h\ frontal.'and (.h', temporal, lobe 
of central hemisphere : c.ma, corpus mammillare : c.ls, coiims tnipe- 
zoideum : J!, flocculus ; m.a, oiediilla oblongati ; o.ch, optic chiasuia : 
ol.i, olivary body : elf, olfactoty lobe : o-ir, optic tract ; ply, pituitary 
body: f.va, pons Varolii: I'.j*, ventral pyramid : // — ."" 
cerebral nerves : sp\ first spinal nerve. 

ventral surface of the medulla oblongata immediately in 
front of the ventral pyramids and corpora trapezoidea : it 
ends in front in a forwardly curved margin, and is marked 
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the medulIa|,^H 
the fibres (rf^B 



by a median groove, continuous with that of the r 
and lodging the basilar artery, Laterally, the fibres (rf 1 
the pons bend upwards and enter the cerebellum, forming 
its middle peduncles. 

480. The crura cerebri (^.f), two strong diverging bands 
of while fibres on the ventral surface ot the brain, pro^J 
ceeding forwards and outwards from the anterior edge oil 
the pons Varolii. I 

481. The cerebral hemispheres {c.h), two large 
masses which constitute the greater part of the brain : they 
are closely applied to one another along their flat inner 
faces ; broad and somewhat truncated posteriorly (parietal 
lobes), where they abut against the cerebellum ; pro- 
duced into a blunt point anteriorly {anterior or frontal 
lobes, f.//') ; and produced downwards into the prominent 
temporal lobes {c.ffi) which partly overlap the crura 
cerebri. Where the temporal becomes continuous, ven- 
trally, with the frontal lobe is a slight angulation, th«J 
rudimentary Sylvian Bssure. The surface of the hemian 
pheres is formed of grey matter, and is smooth except fo^ 
one or two slight depressions or sulci. 

482. The corpus callosum (cp.cl), seen, by slightl|i 
separating the hemispheres from one another above, a 
strong white transverse band, conneeting them with i 
another along the middle tliird of their length. 

483. The pineal body (Jm) and a portion of the optitd 
lobes (o./", o.(^) {§§ 517 and 519) are seen on the dors " 
surface of the brain, between the cerebrum and cerebellunl 

484. The olfactory lobes {olf), two knob-like bodiej 
of grey matter proceeding forward from the anterior part 
the ventral surface of the hemispheres, and connected by a 
strong white band with tiie anterior edge of the temporalB 
lobe. They fit into the deep olfactory fossEe of the skull,.! 
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and from their lower and front surfaces are given off the 
filaments of the first or olfactory nerve. 

485. About the centre of the base of the brain, between 
the temporal lobes of the cerebral hemispheres, is a slight 
elevation pierced in the centre by a small aperture ; the 
elevation is the infundibulum ; to it is attached in the 
perfect state of the brain the oval, vascular pituitary 
body {ply), which in removing the brain is almost always 
left behind in the sella turcica (§ 4S). 

486. Immediately in front of the infundibulum is a 
strong, curved, transverse band of white fibres, giving 
off from its convex anterior margin two strong nerves. 
The latter are the optic nerves {II) -. the transverse 
band is constituted by the two optic tracts {o.tr), 
which, together with the nerves, form the optic chiasma 

(..rf,). 

487. The corpus mammillare {c.nia), a rounded eleva- 
tion immediately posterior to the infundibulum, in the angle 
between the crura cerebri. 

488. The oculomotor nerves (third pair, ///), arising 
one from each cms cerebri, slightly posterior to the corpus 
mammillare. 

489. The pathetic nerves {fourth pair, IV), arising 
from the anterior part of the dorsal surface of the medulla 
oblongata (valve of Vieussens, § 523), and passing outwards 
and downwards between the cerebrum and cerebellum to 
reach the ventral surface of the brain : their origin will be 
best seen at a later stage. 

490. The trigeminal nerves (fifth pair, V), arising 
from the postero-externa! region of the pons : each consists 
of two roots, a large external sensory, and a small internal 

491. The small abducent nerves (sixth pair, VI), 
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arising from the external edges of the anterior pyramids 
the medulla, just posterior to the pons. 

4ga. The facial nerves, or portiones durae (seventh 
pair, VII), arise from the lateral regions of the ventral 
surface of the medulla, just posterior to the corresponding 
nerves of the fifth pair ; their fibres pass directly outwards. 

493. The auditory nerves, or portiones molles 
(eighth pair, VIII), arise close behind and slightly external 
to the facials; each divides immediately into two large 
trunks, which pass outwards, parallel with the corresponding 
seventh nerve. 

494. The glossopharyngeal nerves (ninth pair, IX), 
vagi or pneumogastric nerves (tenth pair, X), and 
accessory nerves (eleventh pair, XI), arise, in the order 
menrioned, from the lateral regions of the medulla, just 
posterior to the cerebellum, and so close to one another that 
they may easily be mistaken for a single pair. If a sufficient 
length of the spinal cord has been removed along with the 
brain, the accessory will be seen to be formed by a slender 
nerve which arises from the spinal cord slightly posterior 
the fifUi spinal nerve, and passes forwards, receiving fibi 
from the cord as it goes, between the dorsal and veni 
roots of the first five spinal nerves. 

495- The hypoglossal nerves (twelfth p^, XII") 
arise from the external edges of the anterior pyramids of 
the medulla, slightly posterior to the three preceding nerves 
each is formed by the union of several strands, which closel] 
resemble those of the ventral root of a spinal nerve. 

LVII. Place the brain with its dorsal side upwf 
and carefully remove successive slices from 
the hemispheres parallel to its upper surface, unl 
the upper surface of the corpus callosum is reachi 
(be careful not to go beyond this pointy 
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Fig. 71. — Lepus cuniculus. Two dissecliona of the braii 
above (nat. size). 

In A the left cerebral hemisphere is dissected down to the level of the 
corpus callosum ; on the tight side the lateral ventricle is exposed. In 
B the cerebral hemispheres are dissected down to a little below the level 
of the anterior genu of the corpus callosum : only the frontal lobe of 
the left hemisphere Is retained, of the right a portion of the temporal 
lobe also is left ; the velum interpositum and pineal body are lemaved, 
as well as the greater part of the body of the fomii, and the whole of 
its left posterior pillar : the cerebellum is removed with the exception of 
a part of its right lateral lobe. 

a.eHf anterior cotntnissure •.a.Ji, anterior pillar of fornix : a./vi, anterior 
peduncles of cerebellum : i.fi,tbody of fornix : cff, soperior vermis 
of cerebellum : €&', its lateral lobe : c.gn, corpus geniculalum : c.i, 
cerebral hemisphere ; sA.//, choroid plexns ; cfi.c-l, corpus callosum : 
ei.t, corpus striatum : c.rs, corpus restiforme : </,/, dorsal pyramid : 
_fi, flocculus: Ai.m, hippocampus major: M.ce, middle commissure: 
- " --'M ; a./', testes: o.M, optic thalamus ; e.tr, optic tract: f.CB, 
commissure : fi./o, posterior jnllar of fomin : pn, pineal body : 
fid. fin, peduncle of pineal body : fi.fin, posterior peduncles of cere- 
bellum : /.T/a, fibres of pons Varolii forming middle peduncles of 
cerebellum : ifiJu, septimi luddtim : St.l, stria longitudinalis : t.i, txnia 
semicireularis : v.va, valve of Vieusscns : i/.3, third ventricle; 11.4, 
fourth ventricle. 
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of the structures in the lateral ventricle, § 498, 
may be injured). Note ; 

496. The central mass of white matter in each hemisphere, 
and the superficial grey matter, 

497. The fibres of the corpus callosum, passing horizon: 
tally outwards on each side, those in front curving slightly 
forwards, those behind slightly backwards, to enter the sub 
stance of the hemispheres (Fig. 71, h^cp.cf), Nearthemiddl) 
line the surface of the corpus catlosum is marked by two fim 
white longitudinal lines, the atrise longitudinales {st.l). 

LVIII. In laying bare the corpus callosum, a cavity, th« 
lateral ventricle (§ 498) will probably have beeri 
cut into : if not, carefully scrape away the braia 
substance near the centre of each hemisphere) 
about a quarter of an inch external to the pos- 
terior boundary of the corpus callosum, until the 
cavity is met with : lift up the edges of the 
aperture, and with line scissors cut away the 
roof of the lateral ventricle, including the corpus 
callosum, so as to expose the whole cavity oU 
the one side, to within one-sixteenth of an inci 
of the middle line of the corpus callosum 
Make out ; 

498. The lateral ventricles {Fig. 7 1, A, right side), o 
cavities of tlie cerebral hemispheres, each of which is widea 
in the middle (body of the lateral ventricle), tapers oj 
almost to a point anteriorly {anterior cornu), and end 
behind somewhat bluntly. 

499. The hippocampus major {hp.m), a large whih 
eminence, of nearly semicircular section, forming the floa 
of the body of the lateral ventricle, and extending outwardi 
and backwards : internally it passes into an area, the lyra, 
by which it is united with its fellow of the opposite side. 



THE RABBIT. 373 

500. The septum lucidum {sp.lu), a somewhat tri- 
angular body, formed externally of grey matter, lying 
beneath the anterior end of the corpus callosum and 
immediately in front of the anterior end of the hippo- 
campus : it forms the inner wall of the anterior comu of 
the lateral ventricle. 

50 r. The choroid plexus {ch.pi), an extremely vascular 
membrane lying in a depression just in front of the hippo- 
campus major, and passing beneath the corpus callosum 
to join its fellow of the opposite side through a transverse 
passage, which puts the third ventricle (§ 513} in com- 
munication with the lateral ventricles ; this passage is the 
foramen of Monro. The connection of the two choroid 
plexuses through the foramen of Monro is best seen by 
exerting a slight traction on one of them. 

502. The corpus striatum (^.j), an eminence of grey 
matter forming the floor of the anterior comu of the 
lateral ventricle, and separated from the septum lucidum 
and hippocampus major by the depression in which the 
choroid plexus lies. 

HX. Dissect the other hemisphere in the same way, 
observing the same points again, and noting further : 

503. The connection of the corpus callosum with the 
underlying parts of the brain, namely with the lyra behind 
and with the septum lucidum in front. 

504. By dividing the corpus callosum transversely, care- 
fully separating its two ends from the underlying parts and 
reflecdng them, it is seen to bend slightly downwards at its 
anterior end, forming the anterior genu, while at its 
posterior end it bends sharply downwards and then forwards, 
forming the posterior genu. 

505. By the removal of the corpus callosum the septum 
lucidum is found to consist of two layers, between which is 




included a space answering to the fifth ventricle of the^ 
higher mammalia, but evidently a portion of the space] 
between the right and left hemispheres,^ 

LX. Trace the course of the hippocampus major I 

carefully cutting away the outer part of the temporal 

lobe : note : 

506. The descending comu of the lateral ^ 
exposed by the removal of the outer wall of the tempora 
lobe; it passes first almost directly outwards, then down- 
wards, and finally inwards and forwards. The hippo- 
campus major is continued the whole distance along its 
inner wall. J 

507. The po&terior pillar of the fornix (Fig, 71, B, I 
p.fo), a flat white band forming the projecting anterior edge] 
uf the hippocampus major, and continued with the latter] 
into the descending cornu. Anteriorly it becomes con- 1 
nected with its fellow of the opposite side just behind the J 
septum lucidum, forming the body of the fornix. I 

508. The tsnia semicircularis {t.s)^ a thin band of J 
white matter, just in front of the posterior pillar of the I 
fornix, and forming a sort of bed for the choroid plexus. I 

509. The fissure of Bichat, a sht-like space between I 
the t^nia semicircularis and the posterior pillar of the I 
fornix ; it leads on to the under surface of the brain, J 
between the anterior and inner edge of the temporal lobe I 
and the optic tract. I 

LXI. Make a transverse incision through the body of I 
the fornix, immediately over the foramen of 1 

' In the higher mammalia., e.g. man, llie Eeptum luctdum becomeB I 
very thin and translucent, whence its name, and, the anterior genn of I 
the corpus cnllosum being very well developed, and turning tonnd the I 
anterior edge of the septum lucidum, the latter lakes on the form of a I 
double membrane, situated between the corpu? callosum above and in 1 
front, and the body of the fornix (g 507) behind. J 
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Monro, cutting down to the latter ; from the 
middle of this cut take a longitudinal incision 
backwards through the lyra : press aside the 
posterior portion of the hemispheres, now com- 
pletely separated from one another, and make 

510. The hippocampal sulcus, a deep, curved groove 
)n the inner face of the temporal lobe, corresponding 
L with the elevation of the hippocampus major. 

velum interpositum, a delicate vascular 

I membrane, continued backwards from the conjoined choroid 

I, and forming a roof to the third ventricle (§ 513)- 

12. The Optic thalami {o.lh), large masses of mixed 

grey and white matter, separated in front from the corpora 

striata by the depression in which the tienia seraicircularis 

lies, and covered dorsaliy by the velum interpositum, 

removing the velum interpositum the third, 
ventricle {v.^) is exposed ; it is a median vertical fissure, 
with which the lateral ventricles communicate, anteriorly, 
by the foramina of Monro. 

514. The anterior commissure {a.co), a narrow band 
' of white fibres, passing transversely, immediately in front of 
' the third ventricle, between the corpora striata. 

! anterior pillars of the fornix {a-fo), a 

I pair of delicate, vertical, white bands (cut short by the 

severance of the body of the fornix), which pass directly 

downwards immediately posterior to the anterior com- 

I mis sure. 

516. The middle or soft commissure {m.a>), a wide 
mass of grey matter, passing between the optic thalami 

I nearly level with their dorsal surface, and, in an upper view, 
I almost obliterating the cavity of the third ventricle. 

517. On the upper surface of the hinder half of each 
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optic Llialamus is a. thin white band, the peduncle of the 
pineal body {/./«) : tlie two peduncles join with one 
another at the posterior boundary of the ihalami, and are 
continued into a Qat band about a quarter of an inch long, 
which ends at the posterior boundary of the cerebral hemis- 
pheres in a rounded vascular mass ; this is the pineal 
body ; it rests on the dorsal surface of the optic lobes. 

518. The posterior commissure (/.re), seen by 
turning aside the stalk of the pineal gland : it is a delicate 
transverse band of white fibres, somewhat smaller than the 
anterior commissure, connecting the thalami with one 
another just below the junction of the peduncles of the 
pineal body. 

519. The optic lobes, or corpora quadrigemina 
,'o./), two pairs of rounded elevations, composed externally 
of grey matter, and lying immediately above the cruia 
cerebri, and bounded by the optic thalami in front and 
by the cerebellum behind. The anterior larger pair arc 
regularly ovoidal in shape, and are called the nates (s-/') : 
the posterior pair, or testes (f./^), are transversely elon- 
gated, and lie at a lower level than the nates. 

530. By removing the remainder of the temporal lobe 
of one side, the optic tracts (o./r, §486) are seen to curve 
round the antero^external comer of each optic thalamus, 
from the chiasraa, and then to pass backwards and inwards' 
to the nates. 

5ZI, The corpus geniculatum {^.g'l), a small rounded. 
elevation on the external surface of the optic thalamus. 
immediately posterior to the optic tract. 

LXII. Cut away the whole of ihe central part of the 
cerebellum, leaving only its points of attachment, 
at the sides, to the medulla oblongata. Note : 
23. The fourth ventricle ('<'.4), a flat, lozenge-shaped 
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cavity, bounded laterally by the dorsal pyramids of the 
medulla, and roofed in by the cerebellum and the pia 
mater. Its floor is mlrkcd by a median groove, ending 
posterioriy in a pointed depression, the calamus scrip- 
torius, which leads into the central canal of the spinal 
cord. 

523. The valve of Vieussens (v,v»), a thin transverse 
band, forming a sort of ledge over the anterior end of the 
fourth ventricle, and connected by its anterior edge with 
the testes ; the fourth pair of nerves spring from its upper 
surface : beneath it is a small aperture leading into the 
aqueduct of Sylvius (§ 526). 

524. The anterior (a.pn), middle, and posterior 
{p.pn) peduncles of the cerebellum : the anterior connect 
it with the testes, and so bound the valve of Vieussens 
laterally ; the middle are continuous on each side with the 
pons Varolii ; and the posterior connect it to the do;sal 
aide of the medulla oblongata, and are the anterior ends of 
the restiform bodies. 

525. The arbor vitae, or tree-like appearance produced 
in a section of the cerebellum by the intermixture of its grey 
and white matter. 

LXIII. Pass a guarded bristle from the fourth ventricle 
through the aperture beneath the valve of Vieussens 
{§ 5^3)1 ^"<i cut down upon it by removing the 
optic lobes, so as to expose : 

526. The aqueduct of Sylvius (Fig. 72), or iter a 
tertio ad quartum ventriculum, a narrow passage by 
which the third and fourth ventricles are put in communica- 
tion with one another. It is bounded above by the optic 
lobes, below by the crura cerebri. 

527. Note at the same time the absence of optic ven- 
tricles or cavities in the optic lobes. 
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, LXrV. Cut tnrough the three commissures of theB 
third ventricle, and press the thalami gently apart. ■ 
Note: 

528. The infundibulum {/»/), a funnel-shaped cavityj 
into which the third ventricle is continued below, anda 
which, after the removal of the pituitary body, opens hyT 
the small aperture already noticed on the base of the braiffi 
(see § 48s). 



/y '-lip-P-. 




Fid. 72, — LcpUB cnniculuB. Longitudinal veiiical section of the 
brain (nat, size). 

a.io, anterior commissure '-p-fo, anterior pillar of fornix, supposed 
to be seen through optic Ihalnmas : b.fo, body of fornix : cb, cerebellum, 
showing arbor vitie : c.c, cms cerebri : c.h^, cerebral hemispliH^ : (.A", 
its temporal lobe : cma, corpus mojnmiilare : cp.cl, corpus " 
f. m, foramen of Monro : ify, infundibulum : fy, lyra i m. 
commissure : m.o, medolla oblongata : 0.ch, optic cbiasma : . . 
o.P, testis : o!/, olfactory lobe : p.ce, posterior commisEure : fn, pineal 
body : pd.pn, its peduncle : ffy, pituitary body : spJa, septum lucidum : 
vl.if, velum interpositum : v.vn, valve of Vieussens 1 P.4, fourth 
ventricle : //, optic nerve. 

529. The lamina terminalis, or lamina cinerea {l.t), 
the thin vertical anterior wall of the third ventricle. 

530. Ey carefiiUy scraping away the inner surface of one 
of the optic thalami, trace the anterior pillar of the 
fornix {p-fo), which, after curving over the foramen of 
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Monro (§§ 501, 507, 513), passes downwards and back- 
wards, and ends in the corpus mammillare : it is best made 
out in a fresh brain. 

LXV. In another brain make a longitudinal vertical 
section of the whole organ, a very little to one 
side — say the left — of the median line. Make 
out, without further dissection, the relation of the 
median ventricles, infundibulum, corpus callosum, 
commissures of the third ventricle, &c. 
LXVI. In a third thoroughly hardened brain make 
a series of transverse sections, and note in them 
the relations of the parts already seen by dissec- 
tion. The sections should be taken through — 
(a). The anterior end of the corpus callosum and the 
septum lucidum. 
' ' (d). The anterior commissure. 

(c). The foramen of Monro and optic chiasma. 
(//). The middle commissure. 
(e). The posterior commissure and infundibulum. 
(/). The nates and corpus mammillare. 
(g). The testes, valve of Vieussens, and pons Varolii 
(A). The flocculi and hinder part of the medulla 
oblongata. , 
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dioeciion of-.-Jlaiiit, 136. 
Lateral line:— Corf, IM, 



Labilnlen^if-^&irr, 71; Csfl', iZ4- 

Lower jav. «f Mfejodibifl- 
Luii£& : — Littird. xfia, iflB, 175 i Pigtet 
HI, a4f-<i46 ; Ra&dii, s^. 335, 



ExLemal charactns- 



dullsoblcngau:— Zaw^>, 33 -.Skali, 
■0; Corf. laj; Liiard, 176; Piriim, 

^mbmnnui labynnth, jhv Audiiory 

^mbrana umilunaTii 1 — Pigeon, 34G, 
■niicua of jaw -.—SiMit. 176. 
of vdFteM^: — Pi^6n. i36. 
^scDcejjhjiloii, JH MJd-braip- 
!&enlend baDda; — Lamprey, 15. 
|!entery ;— Cirf, 113 ; Litard, t6*: 

ititm^^.-^ed. i^Limard, ui: 
"igrm, igi, 197 ; Xaiiil, 373. jjB, 
^vianum :— £ii>N^(7. >«; J',^!';, 5t: 



MeBDEBBter : — Vilify, 
nrif, 164 : PierOH, z. 

" --- -v;-Zti«rf, 



; Corf. 1 



iDfbr 



LOB, iia : ijoara, 100 ; Kab6ie, 319. 
MesoKcttim;^S',ta/(, 47; CW. iii 1 /.la- 

Meiacaipos, «« Hani]^ ^IcCjn 0^ 
MeUMetvgoid -.—Ced, 06. 
Meiaiarsua, ac Pes, ikeletaD of. 
Klid-braia 01 McKnceplialoo, iro Opdc 

Mumb. Bpertum of, at ExlenuU cha- 

cflvity of; — LatKfnr. la : Slutte, 65 : 
Co<^ 103; Laard. 1751 Pi^nm. 
Hi -.Katiil. 333. 
MuDeiian docl, -ifo Piwupbiic ducL 
Muscles of eye :—£ifaifr, 77; Pigim, 149; 
Rabtil, 319. 
uf fore Ibob :— /'yvoH, iji 1 RatHl, 



bncbii Bi^tior :~ltaiM, j, 
rainimi digiii -.—Raibil, 350. 
poUidi:— JTiitfif, 348. 



ATTEenoid: — KitihJ, JJJ- 






iuaila (.-«<//■« wrf)— 

Ulinimiu dtoii -.—RmtitX ™, 
levBEor ADgoli Kapulo: : — Rab 

■cipulx majgr;— «ii»/ 
lombriokles (manot) : — J?«A 

myldhyi^d : — Limfi^ i jS. 
oblique cf abdomen (eilenul ud 
temal):— iiiamT, .58, 159 ; PI^ 







■-R.\th>l.-m.A 
diHttuonot " 
dUKClian af. 



tcwat^'am-.-^R^tbii, 343. 
acnwr carpi mduLu: — Rabbit, 346, 
iibku:it:-^J?irA^V, uS. 
Rami, ^.\ "^^ ■ 

RaiUI. 360. 
dignuprimi(|i«l>):— ^sW;(, 360. 
hallucis bieyii:— rt>(aii, ija. 
loBKiu diipIOTUiD (pedis):— y 'vjwh, 

mtlaeupi ndiiUil longm :— /'i. 

parvus nnlihrachll : — Rabdii. 345. 
polUo! et indlosT— XoW/f. j4B. 
auarridigiii:— *aA«iV, 348. 
■■-'--■ ya«;(, 34B. 



—Raiiit. jso- 



ninor;— /foi&V. ot. 34; 
lecuDdu&i tfff Hibdaviu^r 

neua brevia : — Raiiil, ^fi 
oneui ■.—Rami. 363. 
mediua :— /'^™n, w, 
loani digiii : — Rami, 3 

arii:— ^WiV. 36a. ' 
iieui -.—Riiiiil, jbi. 
MOT lerea;— ^a««, 34I 



ram ■-—Jtabill. V 



'^Pi^emt, *ii ; Rabbit. 549- 
dlgiloruiB lublimis v. perfbrHui : 
—Pi^tim, 3n i Rabbit, ^9. 



iliacunT— X«*W(. 153. 3sB. 
infre-BlanBlHi I^yfflMlft 344 
inumnali :-£>siin^, i|^ 

'.dii:— Rabbit, sS^. 



dOTSaKs :— ^ n Wi'/. '34a, 
anoiiutt~Saiiil,3SA. 
laDi-membradOBuii-^aMiV, 35 

.oleui ;— ffSrt, '36a. ' ^^' 
nspediut :~Raibst, ju. 
iicnio-iaasta!d -,-^Raiiit, vgo. 
hlemo-crachcal : — Pigton, aai. 



^^—Saiiii, '3^ ' 
lon—JCatat. w. 



ubialu Antkus 
nadSTcruHfijib 



leps ■.—Pieiini. >sl ; SaiHt, 34S. 
''MTelebcephalon, fA Medulla ablopgua. 



rodk cerebral (vagUB Gr pDcuniOEa&^ 
aic):—LaIiifrry,3SiSiaU. 51, 76, 
81, Sji L'sd, 1116, -— — — ' ■ 



HabHtt V99, 31 J, 3i3i 3ja, 370. 
nth ccrebnil (bccmsdjv): — Limrd, 

I79i PieiOH, itj7 ; XdMrV, 331. 3711. 
111b cerebral (hypoglosf^^— Zl^n/, 

Eualaioty:- 






capBuw : — Lamptsyt 5 ; 1 

vac, vf Olfaciory ogan, 
Nasc^huccal gTQovi: : — SJrate, • 
Nawypalalbie canal \~--J-aitt^n 



frebral (ol^ctory) :—Zatrtfirfyt 



; a^iut. 330! 



iial (patbctLc) : — Lam/rr^, 



■mi 



as;5.i>i(r, 7j-79:C«l^ 106, 196;. 
ard, 179; Pigien, liT. RaHnl, 

:nbral (ahducf at) i-^iai^ 76, 

aJ7 ; Xaihl, 330, 369. 
^fc l."l (facial or potlioduia):— 

i33, 136 ; I'lBurit, 179; J't^fPKj 3S7 : 
NaMI. jag, 170. 

'--i (audildryli-Zaminy. 
,76,8a:C«/,ia7;ii'Mfv(. 



iiK-dian -.—'Kaim. 336. 
inuiKUlo-apLral \.—Rahb7l, 33E. 
orbito-navl: — Siattetj^ 7B; £W. 176; 

obuiratur :— /"^im, ai7 ; Haihil, 339. 

palaiine:— .n:ai!(. Bo. 

palalo-aasal ;— 5iii«. 79; Cprf, 136, 

phrenic: — Xaitit, 311. 

s ciaric : — J^teecm, 147 ; KaMUr 339- 

iFiiia!:~^.kiff, S3, 83: Piram,a,i. 

splanchnic :—/'^dn, »e ; Itatbil, 399. 

sympathetic: — Sfitit^, 65, B3: Cn/, 

ulnar '—Katiit, 338. 

brachial:— .TiBAr, g>; Pigiim, 147: 

lumbar I'-J'^pww, 347, 



Neural canal aj]dprDi:esut.-—£niw^>, ?. 
arcb. processe.s and spine. ff^Venelwa^ 
NeurapaplTysi., ifcVeneLia. 
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INDEX. 



Occipital (couti'Huedy^ 

condyle: — Skate, 34; Cod^ 91; Liz- 
ardy 136; Pigeon, 190 ; Rabbit, 968. 
foramen, see Foramen magnum. 
Odontoid bone or process : — Skate, 29 ; 
Lizard, 133; Pigeon, 185; Rabbit, 
267. 
oesophagus, see Gullet. 
Olfactory foramen, see under Foramen, 
lobe : — Lamprey, 24 ; Skate, 72, 79 ; 
Cod, 124 ; Lizard, 178 ; Pigeon, 
256 ; Rabbit, 368. 
organ: — Lamprey, 24; Skate, 78, 79; 
C<«/, 122 ; Pigeon, 249 ; Rabbit, 

335- 
Omentum, duodeno-hepatic : — Skate, 47; 
Lizard, 164 ; Pigeon, 222 ; Rabbit, 

297- 
gastro-hepatic : — Skate, 47 ; C^, 112 ; 

Lizard, 164 ; Pigeon, 223 ; Rabbit, 
297. 
gastro-splenic : — Skate, 47; Rabbit, 

297. 
great: — Pigeon, 217, 222; Rabbit, 
297. 
Opercular bones : — C<?rf, 99. 
Operculum : — Orf, 103. 
Ophthalmic peduncle : — Skate, 78. 
Opisthotic: — C<?</, 93; Lizard, 140; Pi- 
geon, 194. 
Optic chiasma and tracts: — Skate, 74; 
Lizard, 179 ; Pigeon, 256 ; Rabbit, 
369,376. 
commissure : — Pigeon, 258. 
foramen, ^^^ under Foramen, 
lobes : — Lamprey, 25 ; Skate, 70 ; 
C<k/, 124 ; Lizard, 178 ; Pigeon, 
256 ; Rabbit, 376. 
thalami : — Lamprey, 23 ; Skate, 72 ; 
Lizard, 180 ; Pigeon^ 258 ; Rabbit, 

375- 
Ora serrata, ^« Eye, dissection of. 
Oral aperture, j^« £xtemal characters, 
caecum: — Lamprey, 20. 
cavity, J<r Mouth, cavity of. 
funnel : — Lamprey, 8, 13. 
Orbit : — Lizard^ 135 ; Pigeon, 190, 191 ; 

A'o^iJzV, 268. 
Orbito-sphenoid : — Rabbit, 271. 

Os cloacae: — Lizard, xyy- 

innominatum, j^^ Hip-girdle, 
orbiculare: — Rabbit, 277. 
Ossicula auditAs : — Rabbit, 277. 
Otoliths or otolithic mass :~-Skate, 81 ; 

Cod, 123. 
Ovary : — Lamprey, 13 : Skate, 54 ; C<»</, 

138, 114; Lizard, 167; Pigeon, 229; 

Rabbit, 322. 
Oviducal gland : — Skate, 58. 
Oviduct : — Skate, 51, 56, 58 ; C<></, 114 ; 

Lizard, 168, 171 ; Pigeon, 229, 236. 



P. 



Palatine bone: — C<»/j?, C)6 ; Lizard, 141 ; 
Pigeon, Z06 : Rcibbit, 275. 
foramen : — Lizard, 136. 
Pancreas: — Skate, 44: Lizard, 164; 

Pigeon, 290 ; Rabbit, 300. 
Pancreatic duct: — Skate, 50; Pigeon, 

224 ; Rabbit, 300. 
Parachordal plate: — Lamprey, 4. 
Parasphenoid : — C<;rf, 94; Lizard, 141; 

Pigeon, 192. 
Parethmoid :^ — C<></, 95 ; Rabbit, 274. 
Parietal : — C^rf, 94 ; Lizard, 138 ; Pigeon, 

190 ; Rabbit, 270. 
Parorchis: — Skate, 56. 
i'arotic or paroccipital process : — C<;/j?, 93 ; 

Lizard, 136. 
Parovarium : — Skate, 60. 
Patella : — Pigeon, 208 ; Rabbit, 284. 
Pecten of eye : — Pigeon, 25a 
Pectoral fin, .r^^ Fore limb. 
Pelvic fin, j^^ Hind limb. 
Pelvis, j^^ Hip-girdle. 
Penis: — Lizard, 171 ; Rabbit, 287, 316; 

320. 
Pericardio-peritoneal canals : — Skate, 64. 

septum : — Skate, 45 ; C<;rf, 109. 
Pericardium and pericardial cavity : — 

Lamprey, 8, 15, 19 ; Skate, 45 ; Cod, 

109, no ; Lizard, 162 ; Pigeon, 220 ; 

Rabbit, 293, 307. • 
Perineal gland : — Rabbit, 32a 
Peritoneum: — Lamprey, 13; Skate, 44, 

47; Ct></, 107, 109, 112; Lizard, 159; 

Pigeon, 222 ; Rabbit, 291, 298. 
Pes, f^^ External characters. 

skeleton of: — Lizard, 152 ; Pigeon, 
208 ; Rabbit, 285. 
Pessulus : — Pigeon, 246. 
Peyer's patches : — Rabbit, 305, 
Phalanges, f^^ Manus, ^eleton of, and 

Pes, skeleton of. 
Pharyngo-branchial, see Branchial arch. 
Pharynx;— .S^flr/^, 65 ; Cod, 120; Lizard, 

.175 : Pigeon, 248 ; Rabbit, 333. 
Pia mater : — Skate, 46 ; Rabbit, 295. 
Pineal body : — Lizard, 178 ; Pigeon, 256 ; 

Rabbit, 368, 375. 
Pituitary body:— -^^a/^, 72; Co</, 124; 

Lizard, 178; Pigeon, 256; Rabbit, 

Pleura:— Zia»n/, 168; Pigeon, 244; 

Rabbit, 294, 307. 
Plexus, j^^ Nerve-plexus. 
Pons Varolii:— J?a^fo'/, 367. 
Pori femorales i— Lizard, 156^ 
Post-clavicle:— C^, 100. 
Post-orbital bones : — Lizard, 139. 
Post- temporal : — CW, loo. 
Poupart' s ligament : — Rabbit, 291 . 
Precoracoid: — Lizard, 146. 
Pre-frontal : — Lizard, 139. 



Pte-niainia;— Carf, 96: Limn 

Pigrim, 19S ; JtiMil. sj*. 
Pn-Dpcrculiir, ue Upcrcular buiui 
Pn-pubLs: — LisaFd^ 150. 
Prepuce ;—;;a4Ai(, 516. 
Presphcnoidt — katfbil, 271. 
Ptoc«5usfilicifurmijofeyc:— C«l 
Pronephric duel :— i'*o/e, 51, 56. 



« Eve. diss. 
—Lltard. 1 



Pstudobranchia;- 



rii. . 









I 



-^....,195: Itai.... 

Plet^Eo^uidialn canikge -.SiaU, 3 
Pcayrz, nr rmhcr uacii:— /VftiHi, 3 
Kjgk__„ '"'- —"■"■• 
PuUs. JH Hip-Eiidle. 
Pupil. HT Eye. 

Py1«k cschi-Ca^. i°7. 113. 



Semilunu (yhio-cai^^i—Liiianl, 1; 

Scnaorylubn:— Znn/rr}', 11: Skalt, a 
Sf ploiuaiUiiry ;— irtntii, 145. 
Scplum lucidum -.—SiMit. 373. 

Scsamdk baoEs :— AnUiV, aSi, aBz, a! 

iSfi. 
ShDulder-girdlei^Sintr, ^9; C«l, ic 
/.itarii, rn6 ; PigttH, 300 : BaUit, »; 
Sinus (veoDus, lymphuie, &c.)— 
cAtdiiwl: — SJtkle, 59. 
gjicum-msophageiil:— Z«Jn*>r>', 1». 



f/gtm. i8a 1 Xaiiil. *l 



ttcculgkud:— ,S*iin, 47; XaWf, 31a. 

Rcctricct: — Pisfort. aia. 

Bcetum ■,—Lamtriy, 14 ; J'A»», 4; ; Corf, 

' g^^«^/'«M«, IT.. 

ll-ltcpnHluclire o^bhs. i« Tettii, Ovary, 
t .Ac. 

ElReiniralory mbe ; — Lainfrn/, 18. », 
r KBiif^rm t die., see Mcdulk oblongata. 
' Kcie miraUle of uir-bladder ;— Ca^, 1 19. 

Khincnccphaum, an Olfujiaiy labfi. 
»Uh;— i'*4(*, 3»; C«f, ooii/tnfrf, 135; 

i^m, iBs, .86; KaHil.tii. 
RcHtmni of ikull and mm! uriilaEes:— 



_, —Skatt, sfi, «■ 

Sphenoidal fiaaure ; — Raoojf, ! 



aia, iss. 
■iilfi«u«> ■■-'^' 
c :—£■«<, 93 



Spiracle:- 
Spincula 
Spiral va1._. 
Spleen : — Sit 



.'—Stall, 3}. 

Lltard, 
m.aiSi /El"" -- 
Mandible. 



1^4 ; Figron, aas : Rawit, 997. 
PIgien, 



INDEX. 

x^t, 119^, 30^, TyicpanuDi Dr tymponH] cavity, and Fyia- 

SlriA Joneiluduulci : — Rabbit, yjt. panic mBmbrane: — Lieard^ 1371 176: 

Styla-hynl, iH Hyind. /''fwi. i»9, 94s. 350 ; AoM/f, 171, 331. 
Sub-Qculu arch \-^Lamfrty, J 
Sub-operculai , ut Opflrcular b.-nc^, 

Sub-c^Uals : — Cod. laa. it 
Sub-vertebnd wedfffi boDQ: — Litanl, 1J3, 

SaprB-afigular. «f Mandible- iiru*. rj^^^j -.u. «>/»». ,„. , p_* 

Sup«-drvicl=:-C«/, .00. M \T • ■ ' 

SuDra-sraDula*^ ShDuUcr-ffirdle Rabbit, 300, wm, 316, 330, 323, 

Sil^^^fTlPi'rf,'.'"?':*'^' ^ Urinary ipcriur=,i^'li>irm9lebu»elcn. 

SuiS^, ™f.l "< Hkir UildS: K, Mrfo- ai*dd«. 

35'. 364.. Jiabitf 3,6. ' ■ * ' 

T linns .—LaiHtrty, 15 ; S'fei*. «g. ^^ 

^- tJrohyal.«(Hyoid ^H 

Tang-ai«Blsnus :— /■i^^mi , 311B. ^^| 

Teelh:— Znm/hvj', id; ShaU, 41: Cd^. ^^H 

TendoAc'h'uL.I-^flii,", jta""'"' ' ^H 

Tcniorium ctrtheUi, or Tcnional ridge:— V.ciKA:—ffnM(7, 321,313. ^H 

Pigiia.im: Kabbit.im. ValvE, 01 VaJve^— ^H 

Tcslis:— taw/r^O'. 13: -r*!"*. m: t""'. of heait, im Henn, disMclion b/. l^H 

/?bMiV,V'8.''°"' ' ' '' '* ' ' ' in1rMolic>-i"w<V,'S^ 

Thalanifncephalon ■.—Lamtrry, 33 -,Siali. pyloric ;— S'AU?, s> i Cm', 1 13 : Liiard. 

Ji; tW, 11+; Liiarit, 179; I'lgcaB, fjo; Pistan. 33J ; Kabiil, yi^. 

liS ; Jlabbil, 27i- epiral :— iunWref, 16; J'iiiff, s»i 

Thallmi optid. lA ItialsmEnciphalaiL A'o&bV (oHum). 306. 

■nialaraoorlc, i« Vcniriclrs of braid, jrd. of Vieimcns -.—Itii&il, 377. 

Tiioiadc dudl :— XaiJiV, jii. Valvule coaaivuiUi ■r-l-imrd, ■;□; 

Thymus gland :~~Skali. Gg ; ;;aMi(, a^a- Rabbit. 30J. 

lliyroid cafljlan, Jff tjirynx. Vai defrrena ; — SkaU, $5, 59; CW, IT4; 

gland >-£&«<, G4;Z£un;. 163: Xn^ Liiard, 171; /^fim, iiB, ijC i A'oM//, 

Tibia :— i™^, .31 ; Ri^bit, 284, Vu'n—^"' 

TibiD-tarsui : — Pireifn, m6. anLerior abdominaL tte apinatHc. 

Tongue, i» MQUtii cavicy. ais-K"', i« catdinaL 

Tori scmicllcularK -.^Cod. .iS. brachial ;-J,-*o/(, 65 ; PlgioH. aig. 

Tiabeculle -.—Liuiifrcf. 4. Qidinal .—LaiH^rcy. 16, 91 ; i*a/^, 

TiKhea;— iiaanif t6i, 17s; /'lifM, Jij. ji. 63, 65: Ci«/»its, 116; Lizard, 

na, 144 : Rabbit. 989, 315, 165 1 Rabbil, 311. 

Tnnt-pilktinc or Os transveruim :— caudal ^—£r<»i^i7, 17; ,Sibi^e, 67: 

LiMxrd, 141. Corf, ii« ; LiiarJ, 169 ; /•^on, 

Trochlea, i«Hu™™t 'ca^y^^'p -•■•■■-• —- '™'""5.'a'- 
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